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Fresh slides go directly 
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metol tray. Cabinet units 
cre small enough to fit 
easily on desk, and can be 
stacked with existing ““LAB- 
AID” vertical slide-files. 


As slides are freshly completed they are put at once into these com- 
partmented flat-filing trays. The slides are then handled, filed, and 
dried in the same tray: they need never be removed except for micro- 
scopic examination. Slides do not contact each other, drying is speedier, 
cover glasses stay put. 


Complete visibility. Each specimen, with its identification data, stands 
out boldly against the neutral gray background of the tray floor . .. a 
great convenience in the storage, distribution, and return-checking of 
reference collections in classroom work. 


Large capacity. Fifty drawers in each cabinet, with sixteen or thirty- 
two slides to the drawer. All-steel construction throughout, like all 


other Technicon “LAB-AID” microslide files. 
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De Robertis, Nowinski and Saez 


This month Saunders is publishing De Robertis, Nowinski and Saez’ 
textbook of ‘‘General Cytology.’’ It is an elementary text—covering 
the principles of cellular structure and function as encountered in man 
and in animals. 


Here is the modern dynamic approach to cytology that not only con- 
siders the now static methods of fixation and staining but goes beyond 
to explore the ‘‘ultrastructure’’ of the cell. The authors use the meth- 
ods of physics, chemistry and biochemistry to interpret the nature of 
the intracellular processes and the functional significance of cellular 
structure. The material basis of heredity is taken up and sex determi- 
nation discussed. Cell respiration and metabolism are well covered. 
Included among the illustrations are some of the finest electromicro- 
graphs ever published. 


Instructors in cellular physiology, cytogenetics and histology will wel- 
come this important new elementary text as much as will those who 
are teaching general cytology. The book is a translation (with changes 
and additions to bring it completely up-to-date) of the successful 
Spanish text ‘‘Citologia General’’ by the same authors. 

By E. D, P. De RoBertTis, M.D., Department of Biology, Massachusetts Institute of Tech- 
nology ; W. W. NOWINSKI, Ph.D., Department of Anatomy, University of Texas Medical 
School; and Francisco A. SAEZ, Ph.D., Institute for the Investigation of Biological 


Sciences, Montevideo. Translated by WARREN ANDREW, Ph.D. 345 pages, 6” x9”, with 


143 illustrations, 3 in color. 
New—Ready in August 
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y F, 
le, 
toe UCH AN ATOM WOULD HAVE VERY 
(Ne NOVEL PROPERTIES. Its external field 
S would be practically zero, except very close 
» the nucleus, and in consequence it would be able to 
hove freely through matter. Its presence would prob- 
hly be difficult to detect with the spectroscope, and it 
—— f@,; be impossible to contain it in a sealed vessel. On 
, other hand, it should enter readily into the struc- 
reof atoms....” Such was Rutherford’s prediction 
01) of the properties of atoms with zero nuclear 
harge, 12 years before they were discovered and be- 
or me generally known as neutrons. In the 1930s they 
»pidly established their reputation as fascinating ex- 
187 rimental subjects, but were little known outside of 
188 
on 
188 
‘i- 
g: 
19) 
2e- 
a 
lls 
191 Fig. 1. Building housing the reactor of the National 
n Research Council of Canada at Chalk River, Ontario. 
) 

. iclear physies laboratories. The closing days of the 
br revealed them dramatically as the business of 
fn at large and the basis of big engineering projects 
ig. 1; courtesy National Film Board), for they were 
Kclosed as the dynamic agents of nuclear reactors 

— 


datomic bombs. Yet this emergence into the head- 
és has not detracted from their continuing fascina- 
nas laboratory subjects; much is still being learned 
but their interaction with matter and about their 
operties as elementary particles. 


UTRON Cross SECTIONS; NEUTRON “SPECTROMETRY” 


he biggest single subject in neutron physics is the 
My of the nuclear cross sections for various proc- 
*s and their variation with the neutron energy. 
“ross section” in this sense is the effective target 
which the nucleus presents to the approaching 
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neutron; the latter is considered to be a point. If 
all cross sections were just the geometrical sizes of 
the nuclei, their measurement would be dull indeed. 
Actually, this is far from the case, for resonance and 
other effects introduce such enormous variations that 
the study becomes very colorful. The slow neutron 
capture cross section of Gadolinium 157, for example, 
is 4x 10* times larger than its geometrical cross sec- 
tion. On the other hand, Nitrogen 15 has a capture 
cross section less than 10-* of its geometrical cross 
section—which is merely a technical way of saying 
that it stubbornly refuses to capture slow neutrons. 
The Gadolinium 157 cross section is at least 10'* times 
larger than that of Nitrogen 15! This astonishing 
range of magnitude has important practical conse- 
quences in such matters as nuclear reactor design. 
Here a new seale of values of structural materials has 
sprung up; if a suggestion is made as to a new sub- 
stance for use as part of a reactor, the first question 
asked is not “What is the tensile strength?” or “What 
is the cost?” but rather “What is the cross section?” 
Clearly, the cross sections for various processes are 
fundamental to any quantitative treatment of the in- 
teraction of neutrons with matter. They are also the 
most frequent meeting ground of experiment with 
nuclear theory. 
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Fig. 2. The slow neutron absorption spectrum of 


Iridium as measured by the Columbia University neutron 
spectrometer group (from H. H. Goldsmith, et al. Rev. 
mod, Phys., 1947, 19, 291). The rise to the left is 
tpical of the 1/v part of the spectrum, and the peaks 
are neutron capture resonances. 


The variability in absolute magnitude of the slow 
neutron capture cross sections is accompanied by un- 
predictable fluctuations in the cross sections of indi- 
vidual nuclear species as the energy of the incident 
Characteristically, the 
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neutrons is changed (Fig. 2). 








absorption spectrum consists of two parts: (1) In the 
low-energy range (perhaps up to a few electron volts) 
the capture cross section is inversely proportional to 
the neutron’s velocity v (i.e. directly proportional to 
the time spent by the neutron near the nucleus), while 
(2) above the 1/v region there are a number of ir- 
regularly spaced peaks, some of which may be aston- 
ishingly high. There are exceptions to this general 
picture. In some eases the peaks may be missing so 
that the 1/v region is visible to higher energies, and in 
other cases the peaks may invade the 1/v region to 
below thermal energies. The peaks are accounted for 
in the Breit-Wigner theory (1936) as maxima which 
occur when the energy of the incident neutron is such 
as to place it in resonance with an energy level in the 
compound nucleus formed upon capture. As such, 
the neutron resonances give us information about the 
spacings and widths of nuclear energy levels. 

A great deal of cross-section work is being done 
with simple transmission experiments or elaborations 
thereof. A neutron detector is placed some distance 
from a source, and an absorber is placed between the 
two. The attenuation of the neutron beam reaching 
the detector is then proportional to e4*7, where N 
is the number of atomic nuclei per em* of absorber, 
x is the thickness in em, and og is the nuclear cross 
section which is effective for removing neutrons from 
the beam. This removal can be accomplished either 
by direct absorption of the neutrons into the nuclei 
of the absorber or by nuclear collisions which result 
in the seattering of the neutrons from the beam. The 
eross section can accordingly be divided into two 
parts: o=Gapst+Oscatt: Oscatt Can in principle be 
measured independently by placing a detector at 
various points to the side of the main beam and 
determining how many neutrons are deflected by the 
presence of the scattering object. A natural exten- 
sion is to measure carefully the variation with the 
angle of scattering. This is of fundamental impor- 
tanee in such eases as the seattering of neutrons by 
hydrogen, because the results are then significant to 
our understanding of the short-range neutron-proton 
forces. It is often possible to measure g,}, independ- 
ently by the strength of the radioactivity induced by 
the neutrons in the absorber, and g,.,;, can then also 
be determined by difference: ggcatt =o — Cabs: 

This type of experimentation is clearly very simple 
in principle. Actually, it is the desire to know the 
variations of g with neutron energy which introduces 
the complications and calls for experimental ingenuity. 
The problem of making a source which emits neutrons 
of a single energy is being met in a variety of ways. 
One of the simplest is the use of photoneutron sources. 
It happens that two materials, deuterium and beryl- 
lium, can be persuaded to release neutrons by the 


168 


action of gamma rays of quite modest energy; jp fa 
the (y,n) threshold of beryllium is 1.63 Mev, and thy 
of deuterium is 2.18 Mev. It also happens ,, 
nuclear reactors and eyclotrons can make a doze, d 
so radioactive substances which emit gamma rays yi, 
energies greater than 1.63 Mev. For example, oy 
can place sodium in the nuclear reactor overnight an 
in the morning have a powerful source of 2.76 y, 
gamma rays from Sodium 24. If this radioacti, 
sample is then placed in a lump of beryllium, neutyo, 
will emerge, and they will all have an energy 
2.76 -1.63=1.13 Mev (provided the beryllium }yyy 
is not large enough to degrade the gamma rays or 
slow down an appreciable number of the neutrons} 
nuclear collisions). Likewise, if the sodium is place 
in heavy water, neutrons with an energy of 0.58 fq 
will be produced. In either case, transmission, 4| 
sorption, and scattering experiments can be made j 
any desired substances and values Of gaps; Oscar) ati 
o obtained for neutrons of these energies. A suryq 
of cross sections measured in this way has recent 
been made at the Argonne National Laboratory (1() 
Inasmuch as nature provides only a limited num 
of combinations of materials which can make photy 
neutron sources of this kind, the results to be obtains 
can only be rather spotty in terms of a study of tl 
variation of the o’s with energy. 

A classical source of monoenergetic fast neutro 
has been the so-called “D-D” source, in which de 
terium is bombarded with deuterons in a high-volta 
machine. The reaction concerned is 

,D? + ,D? > ,He* + .n'+3.31 Mev. 

Because of momentum conservation effects in th 
target, the neutrons will come off with energies é 
pending on their angle with the primary deuter 
beam. Together with variation of the beam voltage 
this sensitivity to angle can be used as a means) 
varying the neutron energy. Neutrons below abo 
1.5 Mev are, however, unobtainable. Partly becaii 
of this handicap, it has been more usual recently | 
use the Li(p,n) reaction in electrostatic generators! 
a source of neutrons of moderate and controllab 
energy. The reaction is 


Li® + p > Be? +n-1.62 Mev. 


Below 1.62 Mev no neutrons are observed. As % 
energy of the protons is increased above the threshol 
neutrons are emitted and their energy depends up’ 
the voltage and upon the angle of emission from ™ 
target relative to the incident proton beam. 1 
energy spread of the neutrons depends upon the thi 
ness of the lithium target and upon the steadiness’ 
the voltage; therefore, the targets usually are 
thin lithium films, vacuum-evaporated in situ up 
heavy metal backing, and the voltage is stabilized ™ 
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jigh precision by automatic devices. This kind of 
monokinetic neutron source has been the basis of a 
number of important light-element cross-section stud- 
3 made at Los Alamos. The energy range covered 
i; approximately from 0.05 to several Mev. 

The 184-inch cyclotron at Berkeley has turned out 
to be a unique source of very fast neutrons, and it is 
ideally adapted for cross-section measurements in the 
region of 100 Mev. The neutrons emerge from the 
target in a well-defined beam, the origin of which is 
in itself interesting (15). Let us consider what hap- 
pens when a high-speed (190-Mev) deuteron passes 
near a target nucleus. The neutron and the proton 
have internal motion about their common center of 
gravity in the deuteron. If the proton should happen 
to be closer to the target nucleus at the moment of 
passing, it is possible that it will stick in the nucleus. 
The neutron will then carry on with a velocity and 


™ jirection determined by the vectorial addition of its 


notion in the deuteron and its motion in the cyclo- 
tron beam. At 190 Mev, the latter is by far pre- 
dominant. The neutron beam therefore shoots out in 
the direction that the cyclotron beam had when it 
struck the target. It has an angular spread of a few 
degrees, and an energy spread of about 40 Mev which 
arises from the fact that the neutron’s velocity in- 
tenal to the deuteron could either add to or subtract 
from the velocity in the cyclotron beam. The neutron 
beam passes through the vacuum chamber wall and is 
conducted through a pipe set in the thick concrete 
shield surrounding the cyclotron, and it is thus avail- 
able for experimentation in the surrounding labora- 
tory space. Of course, a similar beam of protons is 
simultaneously made when the neutrons, instead of the 
protons, are stripped from the deuterons by the target 
nuclei, but it is swept aside because the protons, being 
charged, are still subject to the forces of the cyclo- 
tron’s magnetie field. 

One of the studies made with this neutron beam was 
concerned with the variation of o,,,;, With the atomic 
weight A of the seatterer. Earlier, a similar study 
(22), made with 20-Mev neutrons from the old Har- 
vard eyelotron, had shown that o,.a¢_ Was proportional 
t0 A*8, The ogeaty 80 measured was, in fact, a good 
measure of the geometrical cross section of the 
nucleus; this is one way to measure the size of nuclei. 
The results from the Berkeley survey with 90-Mev 
neutrons (7) showed a similar smooth increase of 
Tseatr With A, but the ogeary’s measured at Berkeley 
Were all smaller than those measured at Harvard. 
This ig interpreted as evidence of a partial trans- 
Pareney of nuclear matter to the neutrons of higher 
thergy, The wave length of the 90-Mev neutrons 
(3x 10-38 em) is comparable with the nuclear dimen- 
‘ions, and the probability exists that the neutron can 
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slip through the nucleus without being deflected. Ap- 
parently, even nuclear matter, by far the densest 
known, has some Swiss-cheese characteristics when 
viewed by appropriate means. 

Let us jump now from the very fast neutron field 
to the slow neutron field. The latter is generally taken 
to cover the energy range below about 100 ev. Here 
we find that the experimental tools are again different 
and that the data are much more complete. One 
method of attack is that of erystal spectrometry. 
Since this has itself been the subject of a recent 
article in Science (23), we shall simply state here that 
in the energy range of a few electron volts the neu- 
trons have wave lengths comparable to the lattice 
spacings of atoms in crystals, and therefore they ex- 
hibit Bragg reflection just as do X-rays and electrons. 
Thus, if a narrow beam of slow neutrons of mixed 
energies is allowed to fall upon a erystal at an ap- 
propriate small angle, at another appropriate small 
angle there will be found a beam of monokinetie neu- 
trons coming from the erystal. One therefore makes 
transmission measurements at various angular set- 
tings in order to cover the available energy range. 
Since this type of work practically demands the in- 
tense, steady, slow neutron beams which are obtain- 
able only from nuclear reactors, it is in progress 
mainly at the Argonne and Oak Ridge National 
Laboratories. 

By far the greater part of the slow neutron spec- 
trometry has been done by means of the “time-of- 
flight” method., This method is based upon the fact 
that it takes quite a respectable time (e.g. 1 milli- . 
second) for a slow neutron to cross a room. If a 
neutron source on one side of the room is made to 
emit a short, sharp pulse of neutrons (of unavoidably 
mixed energies), and if the detecting apparatus on the 
other side of the room is made sensitive for an equal 
interval at a relatively long time, t, later, then clearly 
only the neutrons which took about ¢ seconds to cross 
the room will be counted. The neutron energy range 
ean be covered by varying ¢t, although the resolution 
becomes poor above 100 ev because ¢ then becomes 
almost as short as the duration of the pulses. One 
simple apparatus which works on this principle is the 
velocity selector at the Argonne Laboratory (8). A 
cadmium shutter rotates in a beam of slow neutrons 
emerging from a nuclear reactor. Since the cadmium 
absorbs slow neutrons completely, a chopped beam 
results. A mirror mounted on the rotating mechan- 
ism flashes a light signal to the detecting equipment, 
which is then electronically sensitized for the appro- 
priate interval. The time, ¢, is determined by the 
angular displacement of the mirror relative to the 
cadmium on the rotor. Mechanical choppers of this 


169 





kind have their main usefulness in the energy range 
below about 0.1 ev. 

The time-of-flight measurements have come to full 
~ flower in connection with eyclotrons. Cornell and Los 
Alamos have contributed in the past, but the most 
consistent and sustained efforts have been made at 
Columbia (20). In an important series of papers in 
the Physical Review, the Columbia group have de- 
scribed measurements of the neutron cross sections of 
nearly all of the elements in the energy range 0.015- 
1,000 ev. Fig. 2 is a reproduction of one of their 
eurves which may be considered typical. 

The reader may have noticed that in our discussion 
we have left an energy gap covering, roughly, the 
region 1,000-50,000 ev. This region has been difficult 
to deal with experimentally, partly because detectors 
become relatively insensitive and partly because of 
the difficulties of finding suitable sources. The gap 
is now being closed. Refinements in the Li(p,n) tech- 
nique are reducing it from the high-energy side, and 
important improvements in the Columbia apparatus 
are closing it from the low-energy side. It is true 
that the resolution obtainable in this difficult region 
remains rather poor, but the results are, nevertheless, 
significant. A pretty example of a fairly complete 
cross-section curve is that of aluminum, published in 
a recent compilation of cross-section data which ap- 
peared in the Reviews of Modern Physics (11). This 
curve covers the energy range from 0.001 to 1.0 Mev 
and shows a group of prominent resonances in the 
hundreds-of-kilovolts region. 


SCATTERING RESONANCES 


We have spoken of the peaks in the cross-section 
eurves (Fig. 2) as being almost entirely due to ab- 
The Breit-Wigner theory recognized, how- 
ever, that they might be accompanied by especially 
prominent scattering; in fact, some of them might be 
almost entirely due to scattering, particularly in the 


sorption. 


hundreds- to thousands-of-electron-volts region. The 
existence of these scattering resonances has recently 
been experimentally demonstrated at the University of 
Illinois and at the Argonne Laboratory. In the ex- 
periments at the Argonne Laboratory a number of 
elements have been surveyed. Cobalt is typical of 
those which gave a positive result. A neutron beam 
from the reactor was passed axially down an evacu- 
ated tube which formed the inner wall of a double- 
walled cylindrical counter, the annular space of which 
was filled with BF, gas. Ordinarily there would be no 
counts registered in the BF, because there would be 
nothing to deflect neutrons from the beam into the 
sensitive region of the counter. However, when a 
thin cobalt foil was placed in the middle of the ap- 
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paratus, the whole assembly became a detector seng 
tive to neutrons which are scattered by cobalt. Ay 
other cobalt foil was then placed in the neutron be, 
some distance ahead of the counter, and the trans 
mission of this foil was measured as it appeared j 
this very specialized detector. The effective , thug 
‘found was much higher than it would have been if tj 
foil in the detector had been something other thy 
cobalt or if the foil in the detector absorbed, rath 
than scattered, the neutrons falling upon it. Ty 
demonstration of a scattering resonance was they. 
fore clear. The average neutron energy in the pr. 
mary beam was varied somewhat by interposing ji 
ferent thicknesses of boron in order to absorb jij. 
ferent proportions of the slow neutron compone, 
and in this way the scattering was identified as arising 
from a resonance at 115 ev, previously found by th 
Columbia cyclotron group. 

A similar result was obtained for a 300-ev resop. 
ance in manganese, and a survey of elements gay 
indications of resonance scattering from a number of 
medium-light elements—predominantly from isotope 
of odd mass number (12). 


SLOWING DowN AND DIFFUSION OF NEUTRONS 


The nuclear reactions which give rise to free nev 
trons nearly always produce them with energies of 
the order of millions of electron volts. Since many of 
their most striking properties appear when they have 
energies of hundredths of one electron volt, the mechi- 
nism of slowing them down becomes one of impcr- 
tance. The slowing down is accomplished by allowing 
them to pass through matter where they lose energy 
by nuclear collision processes. If the nuclei are heavy, 
there is energy loss by inelastic collisions, i.e. some o 
the neutrons’ kinetic energy is used to excite the nucle 
to states which they later leave by means of gammi- 
ray emission. For light nuclei the energy loss aris 
mainly from elastie or billiard-ball collisions. 

Application of the ordinary laws of conservation o! 
momentum and energy to the elastie collisions show 
that, on the average, the ratio of the energy of a nev: 
tron after impact to its original energy is a constatt 
depending only upon the mass of the nucleus struck: 
in other words, the percentage loss in energy per Il 
pact is constant or, again, the mean logarithmic energ! 
loss ¢ is a characteristic of the medium. For example 
for graphite, ¢ = 0.16, and it follows that it takes aboul 
110 collisions to slow a neutron from 10° ev down " 
1/40 ev. In hydrogen (by far the most efficient slow 
ing-down agent), =1, and 17 collisions suffice, on the 
average, to give the same energy reduction. 

After neutrons are slowed down in a medium they 
diffuse around until they are captured by nuclei 
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scape from the boundaries. Neutron diffusion theory 
‘ves the density distribution of the neutrons in the 
edium, and direct comparison with experiment is 
jsy. In its formulation, the diffusion theory is 
trongly reminiscent of classical heat-flow theory, with 
; sources and sinks and solutions of second-order 
artial differential equations through Fourier series, 
nd its application of physical boundary conditions 
, the evaluation of the mathematical arbitrary con- 
ants. A typical solution is that of a rectangular 
arallelepiped with a source uniformly distributed 
ver the end; in this case the neutron distribution 
me distance from the source plane is a negative 
ponential along the axis away from the source, and 
cosine in the two transverse directions, with the max- 
num on the axis. 
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S arising Present research lies mainly along the direction of 
d by theliMintroducing refinements in the theory and in its com- 


parison With experiment. The substitution of “trans- 
port theory” for the older, less exact theories is an 
xample. Transport theory takes into account the 
act that for light elements there is a persistence of 
jotion in the forward direction following elastic 
cattering collisions. On the experimental side, we 
ay cite a current diffusion experiment at Oak Ridge 
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RONS n which the slowing-down theories are being tested 
ree ney. faeth a photoneutron source buried in graphite. Such 
rgies off™e" arrangement lends itself to easy calculation, for 
many of meee neutrons are initially monokinetic and the source 
rey have essentially a point. 
p mecha- 
impor MAGNETIC PROPERTIES OF NEUTRONS; NEUTRON 
allowing POLARIZATION 
 enerey MM Despite its lack of electric charge, the neutron has 
e heavy, Meen found to have a magnetic moment. The meas- 
some a hrement of this moment has been the subject of some 
1 nucle Mather elegant experimentation, but we shall forego a 
gamit: Mitescription of that in order to diseuss the field of in- 
8 AIS MFestigation which is opened by the mere existence of 
| he moment. The point is that the magnetic moment 
ation of Miives us a grip upon neutrons whereby their orienta- 
$ shows Mion in space can be controlled. Consider a beam of 
f a nel Blow neutrons passing through a block of iron. Their 
onstalt M&pins, and therefore their magnetic moments, will be 
struck; andomly oriented in space, as also will be the mag- 
per 1 M@ietic moments of the iron atoms which they encounter. 
 enere! Mil here will, however, be some interaction, and this 
xample, Miresults in some scattering of the neutrons. It will be 
os abou! Minoted that this is not a nuclear effect; the magnetic 
lown " Himoment of the iron atoms is electronic in origin, and 
nt slow ithe magnetie forees between iron atoms and neutrons 
, on the ire much weaker, but of longer range, than the forces 
volved in seattering by direct nuclear collision. 
* € Anyway, the next step is to suppose that current is 
iclel 0 
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turned on somewhere in a coil, and the iron block be- 
comes magnetized within 0.1% of saturation. The 
magnetic domains in the iron come to attention and 
line up with their moments co-directional in the field. 
The neutrons also straighten around so that their spins 
are either parallel or antiparallel with the field. There 
is now some coherency in the magnetically scattered 
waves. The interference of these waves with those 
arising from the purely nuclear seattering formed the 
basis of a prediction (1936) of an observable selec- 
tive seattering effect. The prediction, which has been 
amply confirmed by experiment, was that those neu- 
trons whose moments are aligned parallel to the im- 
posed field will have an effective cross section (a, — p) 
for scattering which is appreciably smaller than the 
cross section g,, which holds in the absence of the 
magnetie field. Such neutrons accordingly will be 
preferentially transmitted through the iron block. 
Simultaneously, the neutrons which had their moments 
aligned antiparallel with the imposed field will be 
seattered more efficiently than they were before the 
iron was magnetized (cross section: (¢,+p); conse- 
quently, the transmitted beam will be depleted in these 
neutrons. Because of the exponential character of the 
attenuation of the beam, these two effects do not ex- 
actly counterbalance; there is a net increase in the 
intensity of the total transmitted beam when the iron 
becomes magnetized. The percentage increase is called 
the “single transmission effect”; it is easily observed, 
and its magnitude is a measure of the degree of polari- 
zation in the beam of transmitted neutrons. 

In the older work, the single transmission effect 
amounted to a few per cent, but it has recently been 
shown at the Argonne Laboratory (16) that the mod- 
ern, powerful slow-neutron sources, plus some refine- 
ments in technique, permit the use of iron blocks up 
to 9 em thick, with resultant single transmission effects 
of 100%. Insuch a beam, about 80% of the neutrons 
have their moments lined up parallel with the mag- 
netic field and 20% antiparallel. Of course, this 
degree of polarization is purchased at the cost of a 
large reduction in intensity. The value found for the 
magnetie scattering cross section, p, is 3.15 barns.* 
With go, equal to only 11 barns by itself, it is clear 
that the influence of the magnetic field upon the scat- 
tering is quite considerablv. 

What one would like to do with these polarized 
neutrons is to direct them against nuclei which are 
themselves lined up in space, and so measure the 
effects of the spin-dependent forces upon scattering, 
capture, fission, ete. It is the difficulty of lining up 
the target nuclei, rather than the neutrons, which at 
present is retarding the start of this kind of work. 
Meanwhile, the polarized neutrons are finding other 


1One “barn” = 10-4 cm?, 
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fields of usefulness. It turns out, for example, that 
the depolarization caused in a beam of such neutrons 
by a passage through a thin sheet of steel is related 
to the size of the microcrystals in the steel. Thus, if 
two magnets are set up in a polarizer-analyzer com- 
bination, the thin sheet can be placed between them 
and the depolarization can be measured (5). Thus, 
the relationship between metallurgical treatment and 
microcrystal sizes in steel can be evaluated by a new 
method. The future will probably see a broadening 
use of neutrons in studying many such nonnuclear 
properties of matter. 


SEARCH FOR SPECIFIC INTERACTION BETWEEN 
NEUTRONS AND ELECTRONS 


In the last section we discussed some of the conse- 
quences of the magnetic interaction between neutrons 
and atomic electrons, in so far as the influence upon 
scattering was concerned. Two recent experiments 
(9,13) have been carried through in search for a new 
kind of electron-neutron interaction independent of 
spins and magnetic moments. Since the underlying 
concepts are interesting, we shall briefly describe one 
of the experiments (9) here. 

According to the provisional probings of current 
meson theory, neutrons are not always solidly packed, 
neutral elementary particles. They may oscillate very 
rapidly between such a state and a state consisting of 
a proton with a negative meson about 10°%* em away; 
in fact, they may spend as much as 20% of the time 
in the latter state. If this were the case, on a time- 
average basis there would be a net electric field very 
close to the neutron. According to the following rea- 
soning, this might be observable as a slight asymmetry 
in the seattering of slow neutrons: the nuclear scat- 
tering is spherically symmetric in the center of gravity 
system because the scattering object is small compared 
with the wave length of the incident neutrons (about 
10° em). The atomie electrons, on the other hand, 
are arranged over distances comparable to the wave 
length of the incident neutrons, and if they could 
interact with the neutrons, they would produce an 
asymmetric seattering. The effect to be observed 
would arise from the interference of the two kinds 
of waves. The asymmetry would persist and, if found, 
would be indicative of the existence of a neutron-elec- 
tron force field. Only a small effect would be ex- 
pected, but there was always the possibility that the 
present formulation of the meson theory might have 
led to an underestimate. 

In the experiment, xenon gas was chosen as the 
seatterer because (1) its closed electronic shell struc- 
ture insures the absence of magnetic scattering, and 
(2) its monatomic gaseous nature insures the absence 
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of any scattering arising from arrayed atoms, | 
beam of slow neutrons was directed through a Vegy 
containing the xenon, and two counters were set Up 
order to detect neutrons scattered, respectively, at 4 
and 135° with respect to the direction of the bo» 
Background counting rates were determined by fre 
ing out the xenon. After the application of cory, 
tions to a series of observations, the net relative (ij 
ference in the counting rates in the two directig 
turned out to be — 0.0005 + 0.0085. Apparently, ty 
electron-neutron forces do not show up like a ton ¢ 
bricks. In the cautious words of the experimentey 
“, . . no interaction of an order of magnitude larg 
than that predicted by the meson theory exists }, 
tween neutron and electron.” 


DELAYED NEUTRONS 


Another aspect of neutron physics which is aro 
ing current interest is the phenomenon of delayg 
neutron emission. Originally discovered in cony 
tion with uranium fission, the delayed neutrons ay 
the result of special circumstances in beta radiow 
tivity. A highly beta-unstable nucleus may, afte 
emission of its beta-particle, remain in a state ¢ 
considerable excitation. Ordinarily this energy » 
pears as gamma radiation accompanying the bew 
decay. However, it may happen that the excitatin 
is greater than the energy corresponding to the bint. 
ing of a neutron in the residual nucleus. If thi 
occurs, a neutron is emitted in preference to gamm 
radiation. 
“neutron-emitting radioactivity” with half-lives ai 
chemical behavior identical with those of the pr 
ceding beta transitions. The fission product nude, 
Bromine 87 and Iodine 137, have been identified s 
those responsible for two delayed neutron activitie, 
with half-lives of 55 and 22 see, respectively. Recetl 
developments in the laboratory of the large cyciotm 
in California have shown that an additional nucle 
Nitrogen 17, producible by bombardment with 1° 
Mev deuterons, is a delayed neutron emitter (:) 
The half-life is 4.4 sec. The half-lives of delayd 
neutron activities are characteristically short, becals 
of the implied high beta instability of the paret 
nuclei. 

The identification of the fission-product emittes 
Bromine 87 and Iodine 137, has a little story 
ciated with it which is interesting because the ides: 
fications tie in very neatly with some recent ideas 
nuclear structure. The initial tentative identificatiot 
were made in the face of rather serious theoretit! 
objections. These objections arose from the fact tht 
these isotopes are both very close to stability. I 
should be noted that after beta emission, Bromine ® 
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toms, omes Krypton 87 and Iodine 137 becomes Xenon 
Te. t is the Krypton 87 and the Xenon 137 nuclei 
oh actually emit the delayed neutrons. Yet the 
topes Krypton 86 and Xenon 136, just one mass 
+ below, are completely stable. It would have been 
ch more probable that the delayed-neutron emitting 
topes should have been, say, Krypton 91 and Xenon 
1, both because the beta instability would be greater 
} because the neutron-binding energy would be 
aller. In spite of these considerations, the first 
ntifications were tentatively made (24), and these 
re later confirmed (26). Now it has recently been 
served (19) that nuclei which contain, respectively, 
or 82 neutrons are especially stable. The evidence 
nes from several directions; for example, more dif- 
ent stable isotopes (Xenon 136 through Samarium 
) contain 82 neutrons than any other single num- 
r of neutrons, and the second in rank are the stable 
clei which contain 50 neutrons (Krypton 86 through 
olybdenum 92). Also, the natural abundances of 
» 50- and 82-neutron stable isotopes are exception- 
y high in comparison with others in like situations 
th regard to the main line of stability in the isotope 
art. Finally, the capture cross sections of the 50- 
qd 82-neutron stable isotopes for both slow and fast 
utrons are abnormally low compared with those of 
er neighbors. Apparently, something has become 
tiated in these nuclei; another neutron is definitely 
bn grata. 

Now we observe that Krypton 87 and Xenon 137 
hve, respectively, just 51 and 83 neutrons in their 
ructure. It is apparently just that last neutron 
ich is lightly bound to the nucleus, and in the pres- 
hee of quite slight excitation the nucleus lets it go. 
imilar considerations hold with regard to the new 
layed neutron emitter, Nitrogen 17. Beta emission 
ads to Oxygen 17, which, in a state of excitation, 
ight easily lose a neutron to become the tightly 
bund Oxygen 16. One might predict on this basis 
lat Boron 13 might also carry delayed neutron ac- 
vity, although, if so, it probably would have been 
vealed in the Berkeley bombardments unless its half- 
ie were very short. 
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P NEUTRONS IN THE ATMOSPHERE 


Cosmie-ray researchers have known for years that 
ree neutrons exist in the atmosphere and that their 


>mitters 


ry ass "7 

» jdentifme “centration increases with altitude. An estimate 
‘deas if 14) on the fast-neutron flux gives several hundred 
fication ' S{uare centimeter per day at an altitude of 10,000 


oretict pet, The fast neutrons are accompanied by neutrons 
act thi hich have been slowed down by collisions in the air, 
ity. I d the latter presumably disappear mostly by cap- 
nine Sfmt In nitrogen. It is generally thought that the 
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neutrons are secondary particles, originating from the 
nuclear explosions which are evidenced by “stars” 
found in photographie emulsions. Proton tracks are 
frequently found in the “stars,” and it would be pecu- 
liar if neutrons (which would make no emulsion 
tracks) were not emitted in the same events approxi- 
mately as abundantly as the protons. This mechanism 
for the origin of the fast neutrons is borne out in a 
rough quantitative way by a comparison of the num- 
bers of fast neutrons and of star protons, allowance 
being made for their difference in range in the atmos- 
phere. Another argument for a secondary nature of 
the neutrons is that they are presumably radioactive, 
and they therefore would not live long enough to ar- 
rive at the earth from the outer regions of space; 
however, so far as this argument goes, some could per- 
haps come from the sun. 

Fairly complete data on the distribution of fast and 
slow neutrons as a function of altitude have been 
obtained by Los Alamos workers by means of counters 
earried aloft in B-29 aircraft (1). The experiments 
covered the range 10,000-36,000 feet. The counting 
rates increased uniformly with altitude, doubling for 
approximately every 8 em of mercury reduction in 
barometric pressure. This rate of variation is also 
that of the total cosmic-ray ionization, produced 
mainly by the soft component—a fact which also 
argues for the secondary nature of the origin of the 
neutrons. Now it is well known that the curve for the 
ionization arising from cosmic radiation reaches a 
peak at high altitudes; above the height corresponding 
to a barometric pressure of 7 em of mercury the ioni- 
zation drops again abruptly. If the neutrons are 
really secondary in origin, they should also show this 
peak. Curiously enough, the rather fragmentary data 
so far obtained in balloon flights to extreme altitudes 
(17) show, at most, a flattening off of the neutron 
counting rate at heights corresponding to barometric 
pressures of 5 and even 2 em of mereury. If there is 
a maximum, it is therefore apparently much higher 
than is to be expected. One might think that this 
means that some or all of the neutrons found at that 
height come either from outer space or from some 
cosmic-ray component which generates them near the 
very top of the atmosphere. On the other hand, it 
is pointed out (14) that the position of the neutron 
maximum is determined primarily by the distance 
through which neutrons go in the course of being 
slowed down, and this distance would place the maxi- 
mum at the lower altitude, even if the neutrons were 
The conflict is 
therefore between experiment and diffusion theory, 
rather than between experiment and the postulated 
If there were an especially good slowing- 
down agent in the composition of the atmosphere at 
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all made at the most extreme heights. 


souree, 





great heights (e.g. water vapor), or if the neutrons 
were born with, on the average, only a few hundred 
kilovolts of primary energy, then the conflict could 
be resolved; however, neither possibility seems likely. 


OTHER CONSEQUENCES OF THE WAVE PROPERTIES OF 
NEUTRONS 


We have already mentioned neutron crystal spec- 
trometry and dismissed it as a subject which will be 
dealt with lightly here. While it is, nevertheless, the 
most important field in which the wave properties of 
neutrons are directly exploited in the laboratory, there 
are two other manifestations which are rather pretty 
One of these is a trick 
for obtaining a pure beam of ultra-slow neutrons (3). 
Suppose there is a large block of graphite, say a 4- 
foot eube, in which thermal neutrons are diffusing. 
The neutrons will have a Maxwellian distribution 
about a most probable velocity of 2,000-3,000 m/sec 
(which corresponds to thermal energies at room tem- 
perature), but there will be a few in the distribution 
with much higher velocities and a few with very low 
Now suppose the graphite block to be 
covered with sheet cadmium so that none of the neu- 
trons become nuisances by emerging into the room, 
and further suppose that a 4x4 inch hole is eut in 
the cadmium near the center of the top face. Now let 
us stand a 4x4 inch piece of graphite on this hole, 
so that it makes a chimney about a foot high. The 
sides of the chimney may be covered with cadmium, 
but the top must be left uncovered. Now consider 
what happens to the neutrons which enter the base 
of the chimney. Those with thermal energies or 
higher can suffer Bragg reflections from the crystals 
in the graphite, as can be seen by putting numbers 
in the Bragg relation, \=2d sin 6. Here the wave 
length, A, of thermal neutrons is around 2 A, and the 
lattice distance, d, is 3.3 A in the graphite crystals. 
Clearly, there will be a range of values of A up to 
6.6 A, for which there are Bragg angles, 6, appro- 
priate to crystal scattering. Neutrons with these wave 
lengths will very probably be seattered sideways in the 
graphite chimney and will be swallowed by the sur- 
rounding cadmium. On the other hand, the crystal 
scattering is impossible for neutrons with wave lengths 
greater than 6.6 A, and these neutrons are conse- 
quently preferentially transmitted. Thus, the crystal 
effects enable the chimney to act as a filter whereby 
all but the very slowest of the neutrons in the large 
graphite block are removed from the mixture. The 
transmitted neutrons have energies corresponding to 
thermal energies at about 18° K and can be used for 
special experimental purposes. Because of intensity 
considerations, it is practically essential to use a 
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and which deserve mention. 


velocities. 


nuclear reactor for the primary neutron source; oy 
hypothetical cadmium-covered graphite block they be. 
comes one of the “thermal columns” which are custom, 
arily built into the concrete shields of reactors, 
Our second wave effect occurs at the other eXtrene 
of the energy seale. It concerns ultra-fast Neutrops 
and the Fraunhofer diffraction of their wayegs by 
nuclei. The case under consideration is that of the 
diffraction of plane waves by an opaque dise ,, 
sphere. Physical optics says that there should be , 
bright maximum in the center of the “shadow” 9 
the object, and that this maximum should be gy. 
rounded by rings of alternating maxima and miniyy 
of radially dimishing intensity. The results are eo. 
ditional upon the wave length of the light being 
smaller than the radius of the opaque object. This 
condition is fulfilled very well in the case of th 
$0-Mev neutron beam from the Berkeley cyelotrop, 
for the neutron wave length is considerably smaller 
than the dimensions of any but the smallest nucle, 
In the experiments (18) spheres of aluminum, copper, 
and lead were placed in the fast neutron beam, and 
detectors were placed at positions making angles «J 
the sphere of 3°-30° with the direction in which the 
beam was going. The detectors were graphite blocks, 
which are sensitive to fast neutrons by virtue of the 
20 min Carbon 11 activity induced by the reaction 
C?2(n,2n)C!!. The central diffraction maxima were 
strongly present, and the theory was further cor- 
roborated, in that the smaller opaque objects (alu- 
minum nuclei) gave a broader diffraction maximum 
than did the larger opaque objects (lead mnelei). 
It is true that the lesser maxima and minima were 
not convincingly observed, but it is, nevertheless, 
clear that some of the laws of physical optics were 
here being corroborated on a seale some 10° times 
smaller than that of the classical light experiments 


RADIOACTIVE DECAY OF THE NEUTRON 


The first accurate value of the mass of the neutron 
was obtained in 1935. The result showed that the 
neutron is appreciably heavier than the proton, and 
it was immediately suggested (6) that neutron: 
should be beta radioactive in common with other 
nuclei under like cireumstances. Modern values of 


the neutron-proton mass difference indicate that the 
beta-particles should have an upper energy limit 0 
0.75 Mev, and beta-decay theory says that the ass 


ciated half-life should be about 3 hr. This prediction 
has since remained on the books as a challenge to the 
experimentalists. A start on the problem was made 
at Berkeley (2), but the work was interrupted by the 
war. A new attack is now in progress at the Oak 
Ridge National Laboratory (25). A collimated beam 
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of neutrons (mostly slow) is taken from a hole in the 
shield of the nuclear reactor and is allowed to pass 
axially through a horizontal, cylindrical tank which 
is highly evacuated (Fig. 3). The beam enters and 





Fic. 3. Apparatus used for studying the radioac- 
tivity of the neutron. A beam of neutrons is taken 
from a hole in the concrete shield of the Oak Ridge 
reactor (background) and passes through the horizontal 
evacuated tank. Apparatus for counting the decay pro- 
tons is inside the tank. The “bull’s-eye’”’ on the end of 
the tank is the thin aluminum window through which 
the beam emerges, to be caught finally in a heavy boron- 
laden, lead-shielded ‘‘beam-catcher”’ 10’ away. 


leaves the tank through thin aluminum windows. In 
the vacuum, protons are presumably being formed by 
the decaying neutrons, and an electrostatic field is ar- 
ranged so that any such protons would be accelerated 
ina direction perpendicular to the beam and focused 
upon a secondary electron multiplier which would 
Counts are indeed observed, and this 
brings us to the diffieult part of the experiment : How 
can one tell with certainty whether the counts are 
really coming from decaying neutrons and not from 
Various secondary ionization processes which might be 
taking place because of the interaction of the gamma 
tays, fast and slow neutrons, and secondary electrons 
in the original beam with the tank walls or the residual 
gas in the vacuum? One rather convineing way would 


| be to put a beta counter in the tank and look for coin- 


cidences between the beta-particles of the neutron 
decay and the collected protons. This is being tried, 
but at the moment of writing it has not given 


teproducible results. Another way is to work solely 
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with the multiplier and to make subsidiary tests to see 
if anything imaginable besides neutron decay can be 
causing the counts. Thus, it is found that out of a 
total counting rate of about 400/min, about 100/min 
disappear if one does either of the following three 
things: (1) places a thin layer of boron in the beam 
ahead of the entrance into the vacuum; (2) places 
a thin foil over the entrance to the multiplier; (3) 
turns off the electrostatic field. Furthermore, if the 
boron is moved in and out of the beam while the foil 
is in front of the multiplier or while the electrostatic 
field is absent, then there is no change in the counting 
rate. Taken together, these observations show that 
the presence of the boron eliminates some positive 
ions of low energy which are otherwise formed in the 
collecting region and counted in the multiplier. These 
positive ions may be the decay protons; it remains 
to makesure. Now the predominant effect of the boron 
shutter is to eliminate the slow neutron component 
of the beam; it is too thin to affect the fast neutron 
component, but it admittedly may affect the secondary 
electron component, and it definitely will affect the 
the gamma-ray component by introducing a new source 
consisting of the gamma radiation emitted when it 
captures slow neutrons. The extent of the former of 
these possibilities was tested by substituting an alu- 
minum shutter for the boron; the counting rates 
were unaffected by the presence or absence of the 
aluminum. The second possibility was tested with 
a radioactive pure gamma source placed at the 
position of the boron shutter when all neutrons were 
absent (reactor off). The gamma source affected the 
multiplier directly, but did not make positive ions, as 
evidenced by the insensitivity of the counting rate to 
the foil in front of the multiplier and to the presence 
of the electrostatic field. We are therefore led to 
the conclusion that slow neutrons produce the 100 
counts/min of positive ions. This is what would be 
expected if the positive ions are decay protons, 
because the slow neutrons are far more dense in the 
beam than are the fast neutrons. However, we must 
still make sure that there are 
than neutron decay by which the slow neutrons 
They are not suf- 


no processes other 


eould produce the positive ions. 
ficiently energetic to ionize directly, so the only 
mechanism would seem to be through the gamma rays 
(with their associated secondary electrons) excited 
when the neutrons are captured. To see if ionization 
could be taking place in the residual gas in the 
vacuum tank, the boron-difference counting rate was 
studied as the gas pressure was raised over a factor 
of 8; the 100 counts/min remained practically un- 
changed. Finally, the pure souree 
brought up again, and it was demonstrated that for 
equivalent total counting rates in the multiplier, t 
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gamma souree produced very few positive ions in 
Thus, a chain of experimental 
eliminations enables one to say that the observations 
are easily explicable on the basis of decaying neutrons, 
but explicable only with great difficulty on the basis 


the collecting volume. 


of other imaginable experimental effects. 

The neutron half-life can be estimated from this 
experiment, for the collecting and counting efficiency 
of the apparatus can be evaluated, and the number 
of neutrons in the portion of the beam under observa- 
tion can be determined by foil activation measure- 
The answer so far obtained is rough, but it 
indicates a half-life of about 4 hr, as predicted by 
theory. 


ments. 


Any one of the topics mentioned in the foregoing 
survey of this broad subject could obviously be 
greatly expanded. Also, there is much in neutron 
physics which we have failed to mention, as for 
example, the basic subject of the absolute standard- 
ization of neutron sources; a discussion of theoretical 
background; the interesting experiments on seattering 
from ortho- and para-hydrogen, and their significance 
in terms of nuclear forces; and the fancier aspects 
of slowing-down theory and experiment, such as the 
measurements of transport cross sections. It would 
also have been interesting to include a paragraph on 
the fascinating speculations as to the possible roles 
of neutrons in stellar evolution. In spite of these 
serious omissions, perhaps enough has been said to 
give the reader an impression of the range of the 
subject and its variety. Perhaps we have shown that 


Rutherford was right, particularly when he spoke of 
b 


which we 


the “very novel properties” of the “atoms’ 
now know as neutrons. 
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The U. S. Naval Research Laboratory 


On the east bank of the Potomae River, just within 
the southern corner of the District of Columbia and 
opposite the historic city of Alexandria, Virginia, 
sands one of the important research establishments 
of the Navy. Sprung from modest beginnings some 
95 years ago, the U. S. Naval Research Laboratory 
today comprises extensive laboratories, shops, and 
administrative offices, and its staff includes some 
3000 scientific, technical, managerial, and clerical 
employees. 

The mission of NRL, as originally defined, was “to 
increase the safety, reliability, and efficiency of the 
Fleet by the application of scientific and laboratory 
experimentation to naval problems.” NRL has in its 
history been a field activity of several different Navy 
Department bureaus and offices, and its program has 
been modified by each. But, by and large, its staff 
has devoted its energies to basic research, except dur- 
ing war, when the needs for development, experi- 
mentation, and even testing are paramount. Con- 
tinually growing demands on the part of the Service 
have necessitated progressive expansion of the Lab- 
oratory so that the plant is now well equipped to 
carry on almost any type of scientific investigation. 

The numerous permanent and temporary buildings, 
all of harmonious external appearance and distributed 
around a landseaped mall, are specially designed to 
eet definite requirements. The laboratory buildings, 
Which are in the majority, compare favorably with 
modern industrial laboratories and are so designed that 
space may be added to, or subtracted from, individual 
tooms by means of demountable bulkheads. Included 
are shop facilities for metal-, plasties-, and wood-work- 
ing, each consolidated in a separate large building, 
ind at the river end of the mall is located the ad- 
hinistration building. Since the Laboratory is con- 
tuiently situated on tidewater, a wharf is also pro- 
‘ided which accommodates small vessels with drafts 
P to 18’. A converted patrol craft is assigned per- 
Manently for test work in open waters. 
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finest and includes some pieces of apparatus and cer- 
tain facilities unavailable elsewhere. In a number of 
instances, highly specialized units have been designed 
and built in the Laboratory itself whenever such units 
were unobtainable on the open market. Among those 
of particular interest are the 20-Mev betatron; an 
RCA electron microscope; and an altitude chamber 
which simulates changes in pressure, temperature, and 
humidity experienced by aviators. 

That most of the expansion to present size and im- 
portance took place during the period 1940—45 pro- 
vides some measure of the responsibility of NRL in 
the conduct of World War II. But, as an institu- 
tion, the Laboratory owes its origin to the foresight 
and initiative largely of two men. As early as 1910, 
Thomas A. Edison recognized the need for a research 
organization dedicated to the interests of the Navy, 
and by 1915 certain of his public statements on this 
matter had come to the attention of Josephus Daniels, 
then Navy Secretary. In July of the latter year, 
Daniels wrote Mr. Edison, stating his intention to 
establish a department of invention and development 
and asking whether he, Edison, as a public service, 
would be willing to act as chairman of a board of 
consultants. Acceptance of this post by Mr. Edison 
led shortly thereafter to the establishment of the Naval 
Consulting Board, composed of representatives of the 
11 largest technical societies in the United States and 
including a number of distinguished scientists and 
administrators. 

Armed with the recommendations of the Consulting 
Board, Daniels took the matter before Congress, and 
in 1916 the House passed an appropriation of $1,000,- 
000 for the construction of the Laboratory and $500,- 
000 for the initial year of operation. Because of the 
unusual situation arising from World War I, how- 
ever, formal opening of the new facility was delayed 
until July 2, 1923, and accordingly the 25th anniver- 
sary of NRL has just been celebrated this year. 

During its first quarter-century, NRL has operated 
variously under the Secretary of the Navy, as a part 
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Laboratory equipment is, in general, of the very 








of the old Bureau of Engineering, and, during the last 
war, as a field activity of the Bureau of Ships. Early 
in 1945, in a merger toward an all-Navy scientific or- 
ganization, NRL was transferred to the Office of Re- 
search and Inventions, now the Office of Naval Re- 
search. But regardless of these changes in cognizance, 
the Laboratory has tackled technical problems for all 
of the naval bureaus. Upon the request of a bureau 
or office, NRL undertakes either to act as expert con- 
sultant or to assume active work on any scientific or 
technical problem falling within its scope. 

Since its inception, the internal organization of 
NRL has followed the pattern conceived originally by 
the Consulting Board—that of a laboratory operated 
by civilian scientists under Navy management and 
devoted to the scientific interests of the Navy. The 
higher administrative and liaison posts are filled by 
naval officers chosen for their engineering or scien- 
tific background. Naval personnel serve tours of duty 
of two to four years, so that outgoing officers carry 
back to the Fleet a definite experience with the sci- 
entific method and its latest naval developments. 
Similarly, the replacement officers coming directly 
from the Fleet bring to the Laboratory the immediate 
problems and operating experience of the Service 
afloat, under water, and in the air. 

The civilian scientific organization, on the other 
hand, is permanent and is afforded full authority 
and responsibility for the conduct of its work. Hav- 
ing been considered by the Program Board and ac- 
cepted, a problem is assigned to the appropriate divi- 
sion of the scientific staff. Thereafter the administra- 
tion avoids interference with the program and in no 
ease attempts to direct the research. Ten research 
Divisions, each under a competent scientist as super- 
intendent, have been established—three in radio and 
one each in chemistry, electricity, mechanics, metal- 


lurgy, nucleonics, optics, and sound. Coording,, 
from above by the division superintendents anj, 
director of research, the Divisions are subdiyiqy 
below into sections, each of which deals with goy, 
definite type of scientific problem. 

That this combination of officer and civilian cont, 
has functioned harmoniously and effectively is oy; 
denced by NRL’s remarkable achievements over jy 
years. For security reasons, details of many of th 
most important contributions cannot be discuss) 
Suffice it to say, however, that in the whole bro, 
fields of radio communication, detection and rang, 
finding, and guided missiles, and particularly in th 
development of radar, the Laboratory has been a piy. 
neer. Many of the important developments in unde. 
water sound gear and in naval applications of phy 
ical optics may also be claimed for NRL, as wo 
as highly significant accomplishments in antifouliny 
paints, rain-repellent films, hydraulic fluids, nonpetr. 
leum lubricating oils and greases, fire-fighting foans 
and many other products of special application. 

Little known is the fact that NRL initiated oy 
of the first methods for separating U-235 from U-% 
for the production of atomic energy. On display in 


the exhibit room (open to visitors) is a model of the] 


original liquid thermal diffusion plant in which tk 
first successful separation by this process was accom. 
plished (Abelson, 1940-41). Also to be seen, ts 
gether with numerous other examples of the Labor 
tory’s success, is an exhibit of “Window,” used during 
the recent war to clutter enemy radar. 

But, as is the case in most active laboratories, the 
achievements of NRL seem dwarfed by the new prob- 
lems created by the new knowledge. The end of con- 
flict heralded a return to many fundamental investi 


gations which may be expected ultimately to cot 
tribute to the general peacetime welfare of the Nation 





The Naval Research Laboratory is another among the many institutions in and 
around Washington which will serve as hosts during the forthcoming Centennial 


Celebration. 


It is hoped that these brief sketches of host institutions which have 


appeared in Science during past weeks and which will also be published in the two 
remaining premeeting issues will be useful to those attending the meetings who wish 
to avail themselves of the opportunity to visit the many laboratories, colleges, and 
universities at which research is being conducted around the Nation’s capital. 
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D Contry} 

y is em 0. Hobart Mowrer, director of 
OVer thilmammbe Psycho-Edueational Clinie at Har- 
y of thgmmerd University, has accepted an ap- 


nintment as research professor of 
sychology in the University of Illi- 
s Graduate School. One of Prof. 
fowrer’s major assignments at the 
niversity will be a broad study of 
search and instruction in human be- 
avior in all its manifestations. 


Iseussel 
le brog 
1 range, 
y in the 
1 & pio. 
D under. 


of phys 
Charles H. Behre, Jr., professor of 


as W 
baad onomie geology, Columbia Univer- 
ty, has been granted a leave of 


onpetro. 


bsence for the year 1948-49 to con- 
x foams 


Minue the study, begun two years ago, 


ion, the genesis, distribution, and geo- 
ited onfMipgic control of the mineral deposits 
n U-23Mt Mexico. T. S. Lovering, of the 
splay infamy: S. Geological Survey, and Donald 
1 of tym. Davidson, consulting geologist 
hich th ith the E. J. Longyear Company, 

ve accepted invitations to lecture in 
; accom: i : 

he Department of Geology during 
een, tO MDetober and November, respectively. 
Labor S@heir lectures will give special em- 
| during MPhasis to ore genesis and its influence 

minerals search. 
ries, the 
Ww prob Howard H. Vogel, Jr., has resigned 
of con ee the Department of Zoology, Wa- 
. , gash College, and has accepted the 
Invest HM@hairmanship of Biological Sciences in 
to con Mike College of the University of Chi- 
Nation ago. He may be reached through the 


yniversity’s Faculty Exchange. 


William von Fischer, a member of 
he Case Institute of Technology 
culty since 1937, has been appointed 
ead of the Department of Chemistry 
nd Chemical Engineering. He has 
een acting head of the Department 
ice March of this year. 


Wendell H. Griffith, professor of 
lochemistry, St. Louis University 
ledical School, has been appointed 
ofessor of biochemistry and nutri- 
on and chairman of the Department 
t the University of Texas Medical 
ernch, Galveston. During World 
ar IT Dr, Griffith served as a Colonel 
I the Sanitary Corps and was re- 
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sponsible for nutrition surveys among 
American troops. 


Frank Dana Carvin, head of the 
Mechanical Engineering Department 
and chairman of the Graduate Division 
at Newark (New Jersey) College of 
Engineering, has been named head of 
the Department of Mechanical Engi- 
neering at Illinois Institute of Tech- 
nology, effective September 1. 


Ladislaus Marton, chief of the 
Electron Physics Section, National 
Bureau of Standards, is spending the 
summer in Europe to survey work in 
the field of electron microscopy. In 
addition to attending numerous con- 
ferences and symposia, Dr. Marton 
will assist in initiating and organizing 
electron-optics research in Belgium and 
will also be on the faculty of the sum- 
mer school of the Cavendish Labora- 
tory at Cambridge University. 


Charles C. Scott, formerly head of 
the Department of General Pharma- 
cology, Eli Lilly and Company, re- 
cently became associated with the 
Inlow Clinic, Shelbyville, Indiana, 
where he is practicing internal medi- 
cine. 


Lt. Col. Hubert G. Schenck, chief 
of the Natural Resources Section, 
General Headquarters, Supreme Com- 
mander for the Allied Powers, and 
Sherman K. Neuschel, chief of the 
Pacific Geological Surveys, Engineer 
Office, General Headquarters, Far East 
Command, will represent Gen. Douglas 
MacArthur at the 18th International 
Geological Congress in London. 


Charles E. Packard, asscciate pro- 
fessor of biology at Alfred University, 
has resigned, effective September 1, 
to accept a similar position at Ran- 
dolph-Macon College, Ashland, Vir- 
ginia. 


James V. Quagliano is joining the 
staff of the University of Notre Dame 
as assistant professor of chemistry. 
He has held a similar position at 
the University of Maryland. 


C. S. Gwynne, associate professor 
of geology at Iowa State College, is 
serving as visiting professor of engi- 
neering geology at the University of 
Puerto Rico Mayaguez, until Decem- 
ber 15. 





John S. Karling has resigned from 
Columbia University to become pro- 
fessor of botany and chairman of the 
Department of Biological Sciences at 
Purdue University, Lafayette, Indiana. 
He will assume his new duties there 
in the fall. 


Benjamin A. Fisher, professor of 
electrical engineering at the Univer- 
sity of Denver, has been appointed 
associate professor at [llinois Institute 
of Technology, effective September 1, 


Grants and Awards 


The Medal for the Advancement 
of Research, bestowed annually by 
the American Society for Metals, will 
be presented this year to Willard H. 
Dow, president of the Dow Chemical 
Company, Midland, Michigan, at the 
Society’s annual banquet, to be held 
in Philadelphia, October 28, during 
the National Metal Congress and Ex- 
position. This medal, first awarded 
in 1943, has gone to executives of 
industrial organizations principally 
devoted to the production or fabrica- 
tion of metals. 


A special study on the action of 
antibiotics in promoting healing in 
surgical wounds will be made by Ed- 
gar J. Poth, professor of surgery and 
director of the Surgical Research Lab- 
oratory, University of Texas Medical 
Branch, under a grant of $3,000 re- 
cently received from the Upjohn 
Company. Dr. Poth will discuss some 
of the results of his studies thus far 
at the Fourth Pan-American Surgical 
Congress to be held in Honolulu Au- 
gust 30-September 10. 


W. R. Hinshaw, professor of 
veterinary science at the University 
of California’s College of Agriculture, 
has recently received two awards for 
his contributions to the field of poul- 
try diseases and especially for his 
researches on avian salmonellosis and 
diseases of turkeys. The first of these 
is the 10th annual Borden 
consisting of $1,000 and a gold medal 
and given by the Borden Foundation 
and the Poultry Science Association; 
the second, the annual research award 
given by the National Turkey Feder- 
ation, which consists of $500 and a 
bronze plaque. 


Award, 
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and Canadian medical 


U.S. 


schools are invited by the John and 
Mary R. Markle Foundation to make 
nominations for the second group of 
Scholars in Medical Science on or be- 


fore December 1 of this year. Each 
school, through the dean, may nomi- 
nate one candidate. Suggestions or 
applications from individuals will not 
be considered. This program is de- 
signed to aid young men and women 
of ability who are planning careers in 
academic medicine. According to the 
Foundation, candidates should have 
completed the usual fellowship train- 
ing in some area of science related to 
medicine and should hold, or expect to 
hold, in the academic year 1949-50 a 
full-time faculty appointment on the 
staff of a medical school. Grants are 
for $25,000, payable in amounts of 
$5,000 over a 5-year period to the 
schools at which the Scholars carry on 
their research, 

A booklet describing the program is 
available on request from the Founda- 
tion’s office at 14 Wall Street, New 
York City 5. 


Colieges and Universities 


A series of lectures on modern 
chemistry is again being sponsored 
by Northwestern University during 
the coming fall quarter. The subject 
this year will be on recent trends in 
biochemistry, the lectures being given 
as usual on Tuesday evenings in the 
University’s Lincoln Hall, located on 
East Chicago Avenue, Chicago, Illi- 
nois. The lectures constitute a non- 
credit course and are open only to 
those who have paid the usual fee for 
the course. That these lectures help 
to fulfill a definite need is borne out 
by the continued and increasing sup- 
port given them by scientists in the 
Chicago area. Inquiries concerning 
the series mey be addressed either to 
the Office of the University College, 
Abbott Hall, Northwestern Univer- 
sity, Chicago, Illinois, or to Byron 
tiegel, Department of Chemistry, 
Northwestern University, Evanston, 
Illinois. Lecture dates, subjects, and 
speakers are as follows: 

September 28, ‘‘Lipids of the 
Nervous System,’’ H. E. Carter, Uni- 


versity of Illinois; October 5, 


‘<Steroid Metabolism,’’ Konrad Do- 
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briner, Sloan-Kettering Institute for 
Cancer Research; October 12, ‘‘En- 
zymes,’’ David E. Green, University 
of Wisconsin; October 19, ‘‘Carbon 
Dioxide Metabolism,’’ C. H. Werk- 
man, lowa State College; October 26, 
‘*Recent Advances in Carbohydrate 
Metabolism,’’ Carl F. Cori, Washing- 
ton University School of Medicine; 
November 2, ‘‘Protein Molecules: 
Size, Shape, and Electric Charge Dis- 
tribution,’’ John T. Edsall, Harvard 
Medical School; November 9, ‘‘The 
Dietary Significance of the Amino 
Acids,’’ William C, Rose, University 
of Illinois; November 16, ‘‘ The Meta- 
bolism of Organic Acids in Plant 
Leaves,’’ H. B. Vickery, Connecticut 
Agricultural Experiment Station; No- 
vember 23, ‘‘Synthetic Penicillin,’’ 
Vincent du Vigneaud, Cornell Univer- 
sity Medical College; November 30, 
‘*The Physiology of Folic Acid and 
Related Vitamins,’’ C, A. Elvehjem, 
University of Wisconsin; and Decem- 
ber 7, ‘‘ Recent Investigations on the 
Biosynthesis of Heme,’’ David Rit- 
tenberg, College of Physicians and 
Surgeons, Columbia University. 


The University of Hawaii has ap- 
pointed several additional members to 
the staff of the Department of Zoology 
and Entomology in order to expand 
the program of instruction and re- 
search in marine zoology. M. W. de 
Laubenfels, formerly visiting professor 
in the Department and outstanding 
authority on the Porifera, has become 
professor of zoology and entomology. 
Albert L. Tester, formerly senior biolo- 
gist in charge of the Herring Investi- 
gation for the Fisheries Research 
Board of Canada at Nanaimo, British 
Columbia, has become professor of 
zoology and entomology in charge of 
instruction and research in fishery biol- 
ogy and biometrics. Bradley T. Scheer, 
formerly assistant professor of bio- 
chemistry, University of Southern Cali- 
fornia, and presently engaged in re- 
search at the Kristineberg Marine 
Station and at the Wenner-Grens Insti- 
tute in Sweden, has become associate 
professor of zoology and entomology in 
charge of instruction and research in 
general and comparative physiology. 
William A. Gosline, formerly assistant 
curator of Fishes, Museum of Zoology, 
University of Michigan, has become 
associate professor of zoology and 


entomology in charge of instructig, 
and research in chordate anatomy qj 
ichthyology. Each of the above mey 
will devote a substantial portioy of 
his time to the research program ;, 
marine zoology and fisheries pig), 

at the University’s new Hawaii Marin, 
Laboratory at Coconut Island, in «,, 
operation with the Territorial Divisin, 
of Fish and Game and the Farringi, 
Fisheries Program recently establish 
in Hawaii for the Central and Souq 
Pacific by the U. 8. Fish and Wildiy, 
Service. Inger Achton, scientific j 
lustrator who has recently been at the 
American Museum of Natural Histor 
and is presently at the California Ih 
stitute of Technology, will join th 
staff in January in this capacity, 


Summer Programs 


Thirty-two staff members repr. 
senting 15 universities and medic 
institutions located in the East, South 
east, Southwest, and Far West wil 
next week begin the final week of; 
four-week course at Oak Ridge in th 
techniques of using radioisotopes i 
medical and biological research, Th 
personnel attending the radioisotop 
school will train the recipients of th 
large number of fellowships to bk 
granted at their respective institution 
to holders of M. D.’s, Ph. D.’s in the 
biological sciences, B. S.’s, and B, A.’ 
who will receive training in health 
physics and who, it is hoped, wil 
become leaders in the future develop 
ment of medical and biological edv 
cation in the atomic energy field 
Over half of those attending the cur 
rent course previously participated i 
a group of seminars at Brookhavel 
National Laboratory in  connectit 
with the fellowship program. 

The course now being given is tlt 
second of three offered this summe 
by the Oak Ridge Institute of Nucleat 
Studies under the direction of Ralp) 
T. Overman, acting head of the Inst 
tute’s Special Training Division. ) 
Overman is being assisted by H. \ 
Clark, associate professor of chemisit 
at Rensselaer Polytechnic Institult 
Raymond D, Finkle, of Argonne \* 
tional Laboratory; C. L. Comar, ™ 
search chemist at the University 
Florida; and Henry Lanz, of ti 
Radiation Laboratory, University 
California, Berkeley. 
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The Oak Ridge Institute is conduct- 
ing its program of research and train- 
ing in the nuclear sciences through a 
act with the AEC. 
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Meetings and Elections 


8 biology 

li Marin, The International Northwestern 
nd, in «MMMM Conference on Diseases of Nature 
1 Division Communicable to Man will hold its 


‘arringtiy 
Stablishe 
ind South 
1 Wildlit, 
entifie jj. 
en at the 


third annual meeting August 23-25 in 
Kamloops, British Columbia, with the 
Dominion Laboratory of Hygiene and 
the Dominion Entomological Labora- 
tory serving as joint hosts. 


The 9th Annual Research Confer- 


il History - “a 
‘ornia Ina ence of the Institutum Divi Thomae 
join the and its affiliated units will be held in 
acity. Cincinnati, September 7-10, with Elton 
4 s, Cook, dean of research, as general 
chairman. More than 60 papers sum- 
marizing research completed during 
rs repr the past year will be presented in the 
| medied fields of cancer, enzymes, growth, me- 
st, South: tabolism, microbiology, biophysics, and 
West wil physical chemistry. 
reek of 4 The Chemists’ Club of New York, 
Se in the which is celebrating its 50th anni- 
otopes 1M versary this year, is laying plans for 
rch. TM an appropriate celebration. M. T. 
Lioisotop Bogert has been appointed honorary 
its of the chairman of the committee in charge, 
8 to WIR which consists of H. B. Lowe (chair- 
stitution man), D. D. Berolzheimer, W. P. 
.’s in te Cohoe, and H. B. McClure. In the 
id B, A.’ years since its founding the Club has 
in healt’ grown from a handful of chemists to 
ped, wil the present membership of about 2,500. 
develop Honorary U. S. members of the Club 
ical ott: are James B. Conant, Lamont du Pont, 
gy fell Maj. Gen. Fries, Irving Langmuir, 
- the see Charles L. Parsons, Milton C. Whit- 
ipatel 10® aker, Willis R. Whitney, and Col. 
ookhavel Bogert, while Sir Robert Robinson, 
onnectiol Lord Leverhulme, and Dr. Kruyt, pres- 
ident of the International Union of 
en is th Chemistry, comprise the foreign honor- 
| summet ary membership. 
 Nucleat 
of Ralpi A Symposium on Luminescence is 
the Insti being arranged by the Electronics 
ion. Dr Division of the Electrochemical So- 
y H. ciety in connection with the next meet- 
shemistty ing of the Society in Philadelphia, 
nstitute; May 5-7, 1949. Although symposia of 
onne Nt this kind have been held at previous 
ymar, Tt annual meetings, the participants were 
ersity for the most part members of the So- 
of the ciety. In 1949, however, the Society 
orsity hopes to make a greater contribution 
to the field by inviting papers from 
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nonmembers engaged in work on lumi- 
nescence. As in the past, an oppor- 
tunity will be provided for an informal 
round-table discussion of all papers 
presented. An attempt will be made 
to gather together all original and 
phenomenological material pertaining 
to luminescence, both fundamental 
science and technical applications, for 
the purpose of providing a harmonious 
survey of the year’s progress in the field 
at one forum once a year and thus re- 
duce the number of outlets for lumines- 
cence subjects. Papers presented will 
be published in the monthly journal of 
the Society and later in the Transac- 
tions, together with all questions and 
discussions arising at the meetings. 
Those interested in presenting a paper 
at the next symposium should submit 
its title and an abstract by December 
15 to R. M. Burns, Secretary, The 
Electrochemical Society, 235 West 
102nd Street, New York City 25. 


The 58th annual meeting of the 
Nebraska Academy of Sciences, held 
at the University of Nebraska, Lin- 
coln, April 30-May 1, was well at- 
tended by Academy members and other 
interested persons from all colleges 
and universities in the state. High 
school teachers and students were also 
present in gratifying numbers, ac- 
cording to the corresponding secretary. 

Officers for the fiscal year which 
started on May 1 are: president, Vic- 
tor E. Levine, Creighton University ; 
vice-president, F. L. Duley, University 
of Nebraska; secretary, C. B. Schultz, 
University of Nebraska; correspond- 
ing secretary, H. L. Weaver, Univer- 
sity of Nebraska; treasurer, C. E. 
Rosenquist, University of Nebraska; 
and councilors, D. M. Pace, J. 8. 
Latta, and W. F. Weiland, all of the 
University of Nebraska. 


Iota Sigma Pi, women’s national 
honorary chemical fraternity, elected 
the following officers at its triennial 
convention at State College, Pennsyl- 
vania, in June: president, Essie White 
Cohn, professor of chemistry, Univer- 
sity of Denver; vice-president, Gladys 
A. Emerson, Merck Institute for Ther- 
apeutic Research, Rahway, New Jer- 
sey; secretary, Anna L. Hoffman, 
Cincinnati College of Pharmacy ; treas- 
urer, Nellie M. Naylor, Iowa State 
College, Ames; editor, Margaret G. 
Morehouse, University of Southern 


California, Los Angeles; and _per- 
manent historian, Agnes Fay Morgan, 
University of California, Berkeley. 


At the annual meeting of the 
American Association of the History 
of Medicine, held at the College of 
Physicians of Philadelphia on May 
26-27, Henry R. Viets, lecturer on 
neurology at the Harvard Medical 
School, was elected president and Ben- 
jamin Spector, professor of anatomy 
at Tufts Medical School, secretary 
for two years. 

The next meeting will be held at 
Transylvania University in Lexington, 
Kentucky, on May 23-24, 1949. 


More than 100 teachers, research 
workers, and senior students in biol- 
ogy from all the universities and in- 
stitutions of Peiping met on the new 
campus of the College of Agriculture 
of National Tsinghua University, ad- 
jacent to the Summer Palace, from 
July 17 to 25 for a Summer Palace 
Conference on Experimental Biology. 
Samuel H. Zia, professor of bacteriol- 
ogy, has sent us a very interesting re- 
port of the meeting. Moving spirit 
of the Conference was Dean P. 8. 
Tang, assisted by his colleagues in 
the College of Agriculture, 
moved heaven and earth to make the 
visiting scholars enjoy for a brief 
period the joys of a true vacation few 
have been able to afford during the 
past 10 years.’’ Preliminary meetings 
consisted of lectures on the place of 
biology in ancient Chinese history and 
on the teaching methods of biology in 
colleges and high schools. In view of 
the many suggestions which 
made on the ijatter subject, a special 
committee was appointed for further 
exploration of the field. The regular 
program of the Conference included 
symposia and lectures on recent ad- 
vances in the study of genetics, nutri- 
tion, hormones, viruses and rickettsia, 
biophysies, and aviation physiology. 
At round-table meetings, attended 
chiefly by senior members, cytology, 
growth and development, immunology, 
and temperature effects on organisms 
were thoroughly and enthusiastically 
discussed. The Peiping Branch of the 
Chinese Society of Phytopathology 
participated in the Conference on two 
afternoons. 

Dr. Zia points out that the greatest 
single result of the Conference was the 
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were 





contacts made by all the members with 
each other. Most of them had never 
met before, although many have been 
working in the same or related fields. 
Because of the outstanding success 
of this meeting it was unanimously 
voted to hold another such meeting 
next summer, at which time it is hoped 
that biologists from other parts of 
China and abroad may participate. 


The American Geophysical Union 
has announced that Walter H. Bucher, 
Columbia University, has been 
elected president of the Union to fill 
the unexpired term of the late Oscar 
E. Meinzer. This term will expire on 
30, 1950. 


of 


June 


Deaths 


Peter A. Bungart, who for 
nearly 25 years was associated with 
the Department of Geology and Pale- 
ontology of the Cleveland Museum of 
Natural History, died July 30 in 
Lorain, Ohio. He was a distinguished 
collector and preparator of fossil fish, 
and, due largely to his efforts, the 
Museum now possesses the finest col- 
lection of fossil fish in the world. 


72, 


Percy Hodge, 77, professor emeri- 
tus of physics at Stevens Institute 
of Technology, died August 4 in 
Memorial Hospital, Orange, New Jer- 
sey. Dr. Hodge was head of the 
Physics Department at Stevens from 
1911 until his retirement in 1938. 


Y. SubbaRow, 52, director of re- 
search for the Lederle Laboratories 
Division,, American Cyanamid Com- 
pany, died August 10 in Pearl River, 
New York. Dr. SubbaRow, India- 
born biochemist, was on the staff of 
the Harvard Medical School until 
1940, when he became associated with 
the Lederle Laboratories. 





The foundation stone of the Elec- 
trochemical Research Institute at 
Karaikudi (South India) was laid on 
July 25 by Prime Minister Jewaharlal 
Nehru. This Institute, which will be 
the first of its kind in India and 
seventh in a chain of national labora- 
tories to aid in the industrial and 
scientific development of: India, will 
initially have two main divisions deal- 
ing with electrolysis and_ electro- 
thermy, together with auxiliary labora- 
tories and workshops which will in- 


elude an analytical section and a 
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chemical engineering section. A\l- 
though construction of the buildings, 
which will begin in a month or so, will 
not be completed for two or three 
years, it is expected that the labora- 
tory will be functioning within a year. 

Karaikudi will also be the site of an 
engineering college, to be opened in 
1949, a research institute in higher 
mathematics to be called the Ramanu- 
jam Institute of Mathematics, and a 
technological and polytechnic institute. 


Establishment of the National 
Heart Institute within the National 
Institutes of Health of the U. 8. Public 
Health Service was announced on Au- 
gust 6 by Oscar R. Ewing, Federal Se- 
curity Administrator. At the same time 
Leonard A. Scheele, Surgeon General 
of USPHS, announced that C. J. Van 
Slyke, who has been chief of the Di- 
vision of Research Grants and Fellow- 
ships of the National Institutes of 
Health, had been named director of the 
Heart Institute, under the general su- 
pervision of R. E. Dyer, Assistant Sur- 
geon General and director of the Insti- 
tutes. In his position as chief of the 
Division of Research Grants and Fel- 
lowships Dr. Van Slyke will be suc- 
ceeded by David E. Price, former chief 
of the Research Grants Branch, Na- 
tional Cancer Institute. 

The Act of Congress creating the 
National Heart Institute was approved 
by President Truman on June 15 of 
this year. The program of the Insti- 
tute will include research, financial aid 
to institutions for research and train- 
ing of professional personnel, pro- 
vision of fellowships to individual 
scientists, and grants-in-aid and tech- 
nical assistance to the states for the 
development of heart disease control 
services. A National Advisory Coun- 

cil, appointment of which is provided 

under the Act, will be composed of 
outstanding scientists and clinicians 
working in the field of cardiovascular 
diseases and representatives of the 
public. This Council will advise the 
Surgeon General on all phases of the 
program developed both in the Na- 
tional Heart Institute and in other 
units of the Service. 

The new Institute will have its 
headquarters at the National Institute 
of Health, Bethesda, Maryland. 


A synthetic mica with the desirable 
characteristics of natural mica, used 


extensively for electronic equipment, 
has been produced for the first tiene 
under a coordinated research program 
sponsored by the Office of Naval Rp. 
search, the Army Signal Corps, and 
the Navy’s Bureau of Ships. Prodye. 
tion of mica on a commercial scale will 
make the United States independent 
of foreign sources for this Strategic 
material. The synthetic form, known 
as fluorine-phlogopite mica, now being 
produced on a pilot-plant seale, is ex. 
pected to replace the muscovite anq 
phlogopite forms of natural mica since 
it also gives perfect cleavage into thin 
sheets, has good electrical and me. 
chanical properties, and is chemically 
stable. ‘ 

Government-sponsored research on 
mica synthesis was initiated under a 
Signal Corps contract at the Colorado 
School of Mines on June 15, 1946, and 
on September 1, 1947, under a ONR 
contract, pilot-plant work was begun 
at the Interior Department’s Bureau 
of Mines Electrotechnical Laboratory, 
located at Norris, Tennessee. ONR is 
developing a procedure for prompt and 
wide dissemination of the results of 
the work at the latter laboratory to 
the electrical, electronics, and other 
industries which might make use of 
synthetic mica, and interested organi- 
zations may obtain further details 
from that Office, 


Make Plans for— 


Regional Conference on Applied 
Statistics, September 7-9, Statistical 
Laboratory, Alabama Polytechnic In- 
stitute, Auburn, 


American Mathematical Society, 
summer meeting, September 7-10, Uni- 
versity of Wisconsin, Madison. 


American Psychological Associa- 
tion, September 7-11, Hotel Statler, 
Boston, Massachusetts. 


Third Symposium on Combustion 
and Flame and Explosion Phenom- 
ena, September 7-11, University of 
Wisconsin, Madison, Madison. 


Biological Photographic Associa- 
tion, convention, September 8-10, 
Houston Hall, University of Pennsyl- 
vania, Philadelphia, 

American Society for Horticul- 
tural Science and American Society 
of Plant Physiologists, annual meet: 
ings, September 8-10, Cincinnati, 
Ohio. 
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vmments and 
smmunications 


depth of Field in Microscope Objectives 


it would be unfortunate if microscopists encountering 
yo need for inereased depth of field in their work were 
) gain the impression that the procedure described by 
wy J. Pence (Science, June 11, pp. 631-632) provided 
method for circumventing one of the fundamental laws 
optics. 
‘The necessity for higher magnifications, with some 
responding degree of depth of focus without appreci- 
sie loss of definition and resolution’’ simply cannot be 
et. It is not merely that ‘‘... when extreme depth of 
wus is attained, a certain amount of resolving power is 
wesarily saecrificed’’; rather, the depth of field is 
ictly inversely proportional to the resolving power. 
he depth of field decreases as the aperture increases; the 
slving power increases with the aperture. 
It is disconcerting that submitting a paper for criti- 
m to a faculty member in charge of Geometrie Optics 
es not protect a biologist from falling into such an ele- 
entary error. 

W. MARQUETTE 
easantville, New York 


face Electrodes for Recording 
joelectric Potentials 


Several types of electrode have been tested in this lab- 
atory for a number of desirable characteristics in re- 
rding bioelectrie phenomena from the skin surface of 
e intact, normal human subject. Desirable character- 
ies of the ideai electrode are: (1) maintenance of low- 
sistance contact for long periods of time; (2) absence 
artifacts from bodily movement, vibration, or deform- 
im of the skin; (3) eomfort in wearing for long 
tiods; (4) ease of application and removal; and 
) durability and low cost. 
Metal electrodes, such as flattened drops of solder or 
ver cups, plates of ‘‘hats,’’ all require a liquid ad- 
sive such as collodion to make and keep a firm con- 
twith the skin. The collodion takes time to apply 
1 to dry, and usually the contact with the skin 
st be obtained with a ‘paste or jelly placed under 
t electrode. Satisfactory contact with the skin is 
hintained by such electrodes, but their nuisance value 
both experimenter and subject is high. If collodion 
some similar adhesive is not used and surgeon’s 
or Seotch tape is substituted to hold the electrode 
place, the resistance level will change with move- 
Mts of the skin from underlying muscles, particu- 
ly if the electrode is placed on a skin area in which 
Kling oceurs. The effect of skin movement is to 
* the rigid metal electrode from the surface of the 
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skin, thus suddenly changing the surface area in con- 
tact with the electrode. This sudden change in area 
results in an increased resistance and will block the 
usual push-pull preamplifier and introduce artifacts 
into the record. 

Most of the requirements listed above have been met 
in electrodes developed in this laboratory in connection 
with continuous recording of muscle action potentials 
over long periods of time. These electrodes are simple 
in construction, lightweight, easily attached and re- 
moved, comfortable to the subject, and maintain a con- 
stant uniform contact with the skin for long periods of 
time regardless of subeutaneous muscle movement. 

The contact part of the electrode is made from 
sponge rubber 4” in diameter and 7” thick. The 
rubber dises are punched out of a flat sponge-rubber 
mat %” thick and sealed on both sides. Each punched- 
out dise is then cut in two pieces, producing two elec- 
trode dises, each with a rough side and a sealed side. 
The stripped end of a cotton-covered, standard, flexible 
wire is pulled by a large needle laterally through the 
side of the disc, back out near the point of entry, and 
clipped flush with the side. This process will firmly 
connect wire and dise. 

In use, the sealed side of the electrode is pressed to 
a piece of surgeon’s tape or Scctch tape, and the rough 
side is then applied to the subject’s skin on the area 
desired. The sponge is thoroughly moistened with saline 
to produce a liquid contact. These electrodes may also 
be mounted in a head-band or in special holders for 
recording the corneoretinal potential. 

Some 40 subjects have been tested for change in 
resistance for periods up to 5 hrs. If the electrode 
contains enough fluid to wet the skin completely, the 
resistance between two such electrodes, placed 23” apart 
on the forehead just above the eyebrows, usually de- 
creases slightly with time. Initial resistance varied from 
4,000 to 41,000 ohms, and final resistance, from 2,000 
to 38,000 ohms. Thirty-two subjects showed a de- 
crease, four subjects no change, and four an increase 
in final resistance level. The electrodes do not dry 
out rapidly, possibly because the normal perspiration of 
the skin, soaked up by the sponge, serves to maintain 
the fluid connection. Blocking of amplifiers due to 
surface change of electrodes has disappeared completely 
from our records since adopting the sponge-fluid elee- 
trode. 

Some observations have been made on the possible 
use of these electrodes in electroencephalography. Sat- 
isfactory recordings of alpha have been obtained, using 
a head-band and placing the electrodes near the oe- 
cipital region on top of the hair. The hair was parted 
to expose the scalp, but no effort was made to remove 
all hair under the electrode. Further exploration might 
possibly yield a more convenient way of attaching these 
electrodes for EEG purposes. 


JOHN L. KENNEDY and ROLAND C. TRAVIS 


Institute for Applied Experimental Psychology, 
Tufts College, Medford, Massachusetts 
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activity of some of the samples from the drill core are 
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Some Mechanisms for the Fixation of 
Uranium in Certain Sediments 


A, F. FREDERICKSON 


Department of Geology, 
Washington University, St. Louis 


During a spectrographic analysis of a drill core of 
bauxite (1) several very weak lines were measured which 
indicated that uranium was present in the core. Because 
the most sensitive uranium line (4,241.67) was obscured 
by a heavy zirconium line (4,241.687), two preliminary 
samples were tested in a beta counter. When compared 
with a standard containing 0.0004 gm of U,O,, one of the 
preliminary samples, consisting essentially of the mineral 
gibbsite, showed an equivalent amount of 0.0002 gm of 
U,O, or 13.1x10-" gm/gm of radium equivalent. The 
other sample contained 94% kaolinite and showed 
9.6x10-" gm/gm of Ra equivalent. These results in- 
dicate that the samples contained an amount of uranium 
that approached the threshold sensitivity of the spectro- 
graph for this element. 

The following remarks on the chemistry of uranium 
taken from Latimer (2) have geochemical significance: 
The oxides of UO, and UO,, as well as the intermediate 
oxide U,O, and probably UO,.2U0, or U(UQ,)., are 
stable. Complex ions of the +3 and +4 states exist in 
solutions. Hydrates of the trioxide, UO,-H,O and 
UO,.2H,0, are quite soluble in acids, forming the 
uranyl ion, UO,++. This UO,++ ion is remarkably stable 
and has the properties of a large, simple, doubly charged 
metallic ion. It forms compounds that are slightly 
soluble, such as Na,UO,(CO,;);, UO.(103;)., ete. 

It is here suggested that the wide distribution of 
uranium throughout the sedimentary crust of the earth 
is due principally to its tendency to form large UO,++ 
ions. The resulting large ionic radius is comparable with 
the radii of potassium, rubidium, cesium, and other large 
ions of low ionic potential! that concentrate only in 
the evaporates? if they are not first adsorbed by base 
exchange on the clays and other layer-lattice minerals, 

If the above statements are correct, much of the 
uranium in shales may be in the form of adsorbed ions 
and not of discrete minerals, Whether or not this deduc- 
tion is true is not known. Some support for this sug- 
gestion, however, may be implied from the work of 
Rothe (3). Tests of source rocks demonstrated that kaolin 
deposits showed very slight to no radioactivity. Rothe 
reported that clays found in a quarry of rhyolite had 


1JTonie potential =Z, where Z= valence of the ion and r= 
r 


the ionic radius. 
2Evaporates are saline deposits such as salts found in 
desert basins, etc. 
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an exceptional activity. He also noticed a concentra: 
of radioactivity associated with ‘‘wad’’ deposits, 
It is interesting to note that kaolinite, whic, , 
almost no base exchange capacity, also showed negligi 
radioactivity. Other clays, however, such as the m 
morillonite, which develop from voleanic ash and }, 
flows, have a large base exchange capacity. While Rot 
did not specifically state the type of clay associated y; 
the Permian rhyolite that was so highly radioactive, it 


almost certain that it was a clay with high base exch) 


capacity. This leads to the obvious conclusion; | ; 
source rocks containing uranium are weathered to ¢ 
with a high base exchange capacity, these clays sho, 
show high radioactivity. 

A world-wide association of certain types of carl 
aceous? material with vanadium and uranium mater 
has been observed. This close association must be 4 
to some unique feature of the chemistry of carbon, { 
principal characteristic of which is its four tetrahe; 
electron pair bonds and the remarkable stability of th 
bonds with hydrogen, oxygen, nitrogen, sulfur, the k; 
gens, and especially with other carbon atoms. All for 
of so-called amorphous carbon, from lampblack and « 
to charcoal, are graphitic in character. They are w 
posed of portions of the graphite structure without, i 
ever, the regular 3-dimensional periodicity characteris 
of crystalline graphite. Because of its structure, 
its extensive internal surfaces and unsatisfied valeudi 
charcoal (and similar forms of carbon) possesses { 
property of adsorbing ions to a remarkable extent. 
layer structure of graphitic material behaves in much{ 
same manner as do certain of the layer-lattice clay m 
erals. Oxygen atoms may attach themselves to |! 
graphite sheets and cause them to swell, forming the 
called graphitic oxides. Water may then be adwrl 
until two layers of water molecules are between success 
layers of graphite. 

It is important to note that the unique UO,++ ion¢ 
sists of two oxygen atoms located at opposite sides of 
uranium atom. It is quite possible that this UO,* is 
adsorbed between the graphite layers of carbonatt 
material, forming a strong structure due to the 
UO,++ ion holding the two layers together. In this ™ 
ner uranium may be concentrated to a remarkable de 
in carbonaceous materials. 

A possible method of concentration of uranium ii # 
mentary deposits containing carbon may then lt 
follows: 

Uranium ions are released, on weathering, frou 
granitic, rhyolitic, etc. rocks in which they occur in" 
tively large amount and are then adsorbed by bas 
change phenomena on layer-lattice minerals such 3! 


3The word “carbonaceous” is used to denote that ty 
material containing carbon of an organic source. 
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‘in clays This may be considered the first step in the 
rocess of concentration of the uranium. 

pecause of an increase in the thermal environment of 
o clays, aging of the material, or the introduction of 
jemically more active ions into the system, the uranium 
, displaced and again put into solution. Carbonaceous 
centraiimmpaterial, in the path of the displaced ions, would act as 
sits, “fiter’?? and again concentrate, and this time fix, the 
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gnium ions. 

For the concentration of uranium according to the 
hove suggestions it is probably important that an oxi- 
izing environment prevail. Alkaline solutions cause the 
aphite layers to expand to such an extent that they 
ay be converted into a colloidal suspension, leading to 
final breakdown of the graphite structure. Colloids 
mtaining uranium would then be adsorbed again on 
ays and similar minerals.4 

The above discussion does not, however, account for the 
ranium in the bauxite core. The clay mineral in the 
pre is kaolinite, a clay with very little base exchange 
pacity. The drill core contained siderite distributed 
hroughout its entire length. The carbonate solutions of 
ist be dmmgh pH should disperse or leach the uranium from the 
arbon, fre. When tested in the beta counter, the siderite-rich 
etrahedjimmaterial showed almost no radioactivity. 

Ly of thal The drill core contained large amounts of titanium and 
, the hlrconium. These elements form ions similar to the 
All for 
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ranyl ion: 


U0.(OH), — TiO++ + 20H 
ZrO(OH),— ZrO+ + 20H 
UO,(OH),— UO,+ + 20H 


tain portions of the drill core that contained no 
tanium or zirconium minerals showed high assays for 
hese two elements. The elements must have been 


TABLE 1 


RADIOACTIVITY OF SOME OF THE MINERALS IN THE 
DRILL CORE 





Samples from the 10-2 gm/gm Ra 





drill core equivalent 
++ jon MW —- we ie Tite | + 
4 ' menite and brookite ...... 8.1 
1des ' Memple 1 (92% kaolinite) .. 9.6 
|O,** ME “2 (74% gibbsite) ... 13.1 
rbonacet 3 (54% siderite) ... 8.6 
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ble deg resent in the form of adsorbed ions on one of the min- 
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als in the core. The writer believes that the uranium 
as introduced into the deposit in the form of the uranyl 
i, concentrated along with the titanates and zirconates 
hich were in the form of the above ions, and was ad- 
hed on the aluminum mineral gibbsite, thus giving rise 
) the relatively high radioactivity found. The radio- 


um in& 
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, from 
eur int 
yy base ‘Could & process such as this account for the high radio- 
uch as 6 tivity of certain carbonaceous shales or have something to 
) with the formation of oil by the polymerization of the 


hat Whly active carbon into hydrocarbons by radioactive 
ce, OCesseg ? 
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activity of some of the samples from the drill core are 
listed in Table 1. 

Miss Geraldine Sullivan, working on a program spon- 
sored by the Geological Society of America at the Geo- 
chemical Laboratory of Massachusetts Institute of Tech- 
nology, found that the average §-radioactivity for 233 
shales was 9x10" gm/gm Ra equivalent. This figure 
can be used as a basis of comparison for the radio- 
activity of the samples listed in the above table. Almost 
all of the uranium is located in the sample containing a 
large amount of gibbsite, whereas the kaolinite specimen 
shows very little radioactivity. 
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Penicillin Blood and Milk Concentrations in 
the Normal Cow Following Parenteral 
Administration 


MARK WELSH, PETER H. LANGER, 
ROBERT L. BURKHART, and CHARLES R. SCHROEDER! 


Lederle Laboratories Division, 
American Cyanamid Company, Pearl River, New York 


The question of whether or not penicillin can be 
demonstrated in the milk of the dairy cow following 
parenteral administration has been undergoing consider- 
able study. Seeley, et al. (6) tested milk of a normal 
cow for penicillin activity following intravenous adminis- 
tration. A total of 500,000 units was injected in two 
portions of 15 ml each about 1 min apart. 
able amounts of penicillin were present when samples of 
milk were taken at frequent intervals for 24 hrs after 
dosing. Watts and McLeod (7) injected doses up to 
1,000,000 units of penicillin intramuscularly into normal 
heifers and were unable toe detect the drug in the inilk, 
Barker and Dussault (2) treated a cow infected with 
mastitis streptococci with a total dosage of 2,681,000 
units of penicillin, administered intramuscularly at 8-hr 
intervals over a period of 4 days and, on the basis of 
their results, stated that the lactating bovine mammary 
gland appears to be nonpermeable to penicillin. 

When high, persisting blood concentrations were ob- 
tained following parenteral administration of Sulfameth- 
azine in the dairy cow, significant amounts of the drug in 
the milk were demonstrated (4). When low blood levels 
were obtained after sulfathiazole administration and the 


No measure- 


1The authors are indebted to Miss Frances L. Clapp and 
Miss Frances W. Bingham, of the Biological Testing Section, 
for penicillin assays and to H. Mundle and S. C. Griffith, 
of the Animal Industry Section, for aid in the conduct of 
the program. 
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drug was rapidly excreted, little or no drug was present 
in the milk (5). Therefore, it seemed likely that, if 
penicillin blood concentrations were sufficiently high and 
persistent, penicillin could be demonstrated in milk. 
Two trials were instituted in normal cows, free of 
clinical mastitis on udder palpation and physical ap- 
pearance of the milk on strip cup test. In Experiment I, 
one cow weighing 1,300 Ibs and milking 55 lbs daily 
received a total dosage of 16,250,000 units of amorphous 
penicillin sodium. In Experiment II, one cow weighing 
1,380 lbs and milking 35 lbs daily received a total of 
17,250,000 units of crystalline penicillin G sodium. In 
each case, the penicillin was reconstituted in 1 ec of 
saline for each 200,000 units of penicillin. The drug 
was administered subcutaneously at the rate of 5,000 
units/lb of body weight for the first dose and 2,500 
units/lb for three subsequent doses at 6-hr intervals. 
Blood and milk samples were taken 15 min and 1 hr 
after the first dose, and at hourly intervals thereafter, 


Penicillin Blood and Milk Assays 
in One Cow 
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through 30 hrs. The cows were completely milked out 
immediately before the first injection and at 12-hr 
intervals thereafter. 

Blood serum assays were made according to the method 
of Chandler, Price, and Randall (2). 

Milk assays were made by a modification of the B. 
subtilis cup-plate method o1 Foster and Woodruff (2). 
Filter paper dises (7 mm in diameter) were used instead 
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of cups. Three ce of seeded agar was used, and 0.03 , 
of the material to be tested was added to each dis 
Plates were incubated at 39° C and were read after 4, 
The unitage of the test sample was determined by 
ferring the diameter of zones of inhibition to a Standg 
curve run daily on the specific body fluid, to whieh he 
been added standard penicillin in appropriate amoy), 
Penicillin blood and milk concentrations obtained ; 
Experiment I are shown in Fig. 1. A high level o¢ 
units/ec of blood was recorded 15 min after the fp 
dose, and this decreased steadily to a low of 0.5 unit; 
about 5 hrs. After each subsequent dose, the level yo, 
again, reaching high levels of 2 units, 2 units, anq 
unit at the 7th, 14th, and 19th hrs, respectively. At 4 
29th and 30th hrs, there was less than 0.03 unit, th 
lowest level that can be measured. 
The milk level recorded 15 min after the first dose y; 
less than 0.05 unit/ec. This rose steadily to a high , 
0.84 unit/ee at the 5th hr, decreased slightly, and 3 
again after the second dose to 0.78 unit at the 8th hy 
There was a very slight increase after each injection y 
penicillin. Although there was no measurable blood leyd 
after the 28th hr, a milk level of 0.06 unit was still preg 
ent at 30 hrs. 
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Fig. 2 shows blpod and milk concentrations obtainel 
in Experiment II. A level of 4 units/ce of blood " 
recorded at 15 min and persisted through 1 hr. AS! 
the first test, the blood concentrations decreased to 4) 
proximately 0.5 unit or less within each 6-hr period 
Following each subsequent dose, the levels rose to slight! 
less than the highest level senevied There were ™ 
measurable amounts of the drug in the blood after ™ 
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The milk level curve was similar to that recorded 
the first experiment, with a high of 0.53 unit at 15 
sand 0.1 unit at 30 hrs. 
the results obtained in these experiments indicate 
at in the dairy cow, where there is rapid excretion of 
jrug, measurable amounts of that drug in the milk 
» not likely to be found unless blood concentrations 
» high and persistent. The actual drug concentration 


ained 
Vel of 


the fir the milk may not have great significance, but it 
> unit jmmmbdicates that the drug is present in the secreting tissues. 
evel roglmihe total dosage of an antibiotic or a sulfonamide used 
3, and ring the course of treatment is relatively unimportant. 

At thillmowever, the dose-time-weight relationship is important. 


anit, tM The purpose of this report is not to suggest the 
,enteral administration of penicillin for the treatment 
mastitis. Penicillin ean be localized in the udder by 
trmammary infusions without as rapid loss as when 
» drug is administered parenterally, and higher con- 
strations can be achieved on smaller dosage and less 
quent administration. It is interesting to note, how- 
et, that there is diffusion of penicillin from blood 


) milk. 


dose ws 

high 
and ro 
» Sth hy 
ction 9 
00d levd 
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atiations in Total Counts of P** and [’™* 


ot Dishes of Different Atomic Number’ 


RussELtt F. Cowinea and Earupa DEAMICIS2 


New England Deaconess Hospital, 
Harvard Cancer Commission, Laboratory of Pathology 


In the measurement of radioactive isotopes in the 
oratories throughout the country one finds variations 
great as 50%. Some of the discrepancy may be due 
) the different materials of which the dishes used to 





40 tasure the radiation are made. With this point in 
nd, the amount of radiation reflected from various 
terials was measured from given amounts of P32 and 

tained Radioactive phosphorus emitting beta rays with a 

0d Wicimum energy of 1.7 Mev was evaporated to dryness 

As 1 
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the P® and 118 used in this investigation were supplied 
Clinton Laboratories and obtained on allocation from the 
'S. Atomic Energy Commission. 
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on filter paper, Al, Cu, Sn, and Pb dishes, the amount of 
radioactive material being contained within a circle of 
about 1 cm in diameter. Measurements were made at a 
distance of 10 cm with a Geiger counter tube, the glass 
wall of which was 0.12 mm thick. The percentage re- 
flection using paper as zero reflector increased with the 
atomic number of the various materials. Percentage 
reflection is defined as 


I-I, 


0 


100 x 





’ 


where I= intensity in counts per minute of the primary 
beam and the reflected beam, and I,=intensity of the 
primary beam. 
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Fig. 1 is a plot of the atomic number of the reflecting 
materials vs. percentage reflection. Measurements taken 
at 15 and 20 em from the tube gave the same percentage 
reflection. Similar data at 10 em from the tube were 
taken in a lead house, and the reflection ratios were the 
same as those in air. 

Identical technique was followed for I131, which emits 
beta rays with a maximum energy of 0.7 Mev and gamma 
rays with a maximum energy of 0.4 Mev. 

Since [131 sublimes and is difficult to handle, it was 
first bound as silver iodide by the use of NaHSO, and 
AgNO,. Other samples were bound as cupric iodide by 
the use of NaHSO, and cupric acetate. Measurements of 
these two salts showed a variation of only about 6% and 
suggest that 1131 may be measured in either form, since 
there is no appreciable scatter from the copper or silver 
atoms or from the residual nonradioactive salts. 

The data obtained by the use of AgI and Cul, in 
dishes of different materials are also presented in Fig. 1. 
Both of these plots fall below that for P32, which fact 
is in reasonable agreement with the data published by 
Zumwalt (1). 

The results obtained from these experiments show that 
the percentage reflection from the various dishes bears 
linear relation to the atomic number of the reflecting 
material when filter paper is used as a nonreflecting 
material. From this work it may be concluded that the 
amount of radioactivity as reported will vary consider- 
ably according to the type of dish used. 


Reference 


Absolute beta counting using end-window 
(Clinton Laboratories. } 
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Modification of Mitosis by Chemicals* 
JAMES R. MEYER 


Delta Branch of the Mississippi Agricultural Experiment 
Station, Stoneville, Mississippi 


The mitotic chromosomes of guayule (Parthenium 
argentatum) are difficult to study because they are small, 
numerous, and tangled. Treatment with colchicine, 
found advantageous with Phlox (1), failed to facilitate 
the study of guayule chromosomes. It was found how- 
ever, that p-dichlorobenzene could be used in a technic 
which permits precise chromosome studies not only in 
guayule but also in other plants (2). 

Preliminary work showed that 8 chemicals reported to 
induce polyploidy could shorten and straighten the 
chromosomes of Crepis capillaris (2n=6). The most 
effective concentration of each chemical was determined, 
and the relative percentages of diploid (2X) metaphases, 
tetraploid (4X) metaphases, and anaphases were found 
after each chemical treatment (Table 1). 


TABLE 1 


PER CENT OF METAPHASES AND ANAPHASES IN 
Root Tips oF Crepis capillaris (2n-6) 
AFTER 2-Hrk CHEMICAL TREATMENTS 





Mitotic divisionst 











Concentra- — 
Chemical tion of Metaphases 
chemical* Ana- 
ox hid phases 
Acenaphthene 1.00 83 + 13 
Chloral hydrate 0.10% 76 13 11 
Chloroform-water 0.10 70 4 26 
Colchicine 0.20% 98 2 0 
Mercuric chloride 0.00005 80 1.5 18.5 
p-Dichlorobenzene 1.00 89 6 5 
Sanguinarine nitrate 0.005 78 4 18 
Sulfanilamide 1.00 96 4 0 





* Proportion of a saturated solution in distilled water at 
room temperature, except concentrations given in %. 

+ Forty mitotic divisions in each of 10 root tips, or 400 
mitotic divisions, classified for each chemical treatment. 


The chloral hydrate treatment produced far more 
tetraploid metaphases than did the other chemical treat- 
ments; apparently this drug allowed sister chromatids 
to separate from each other in spite of the absence of a 
normal, anaphase-producing spindle. The chloral hydrate 
and chloroform-water treatments sometimes caused the 
sister chromatids of some, but not all, of the chromo- 
somes to separate from each other. This gave chromo- 
some numbers intermediate between the diploid and 
tetraploid numbers; these divisions were classed as 
tetraploid. 

No anaphases were found after the colchicine and 
sulfanilamide treatments. Perhaps sulfanilamide could 

1 Studies leading to this paper were made while the writer 
was employed by the Special Guayule Research Project, 


Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research Administration, USDA. 
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be used to induce polyploidy during the current Short, 
of colchicine. The chloroform-water treatment gare 
high percentage of anaphases. There are no company 
data on the percentage of anaphases without treatne 

Some late prophase chromosomes showed distinct yj, 
coils after the treatments with chloroform-water, J 
chicine, p-dichlorobenzene, and _ sulfanilamide, gj, 
telophase nuclei were sometimes connected by chroma 
bridges after the chloral hydrate, colchicine, and mer. 
chloride treatments. Some of these bridges were fon, 
by lagging chromosomes, while others may have been j 
to chromosome breakage and recombination. 
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On the Nature of the Interaction Betwe 
Actomyosin and ATP 


WILLIAM KING Jornay 
Department of Biology, Princeton Universi 


GERALD (sn 


Division of Animal and Plant Patholog 
Rockefeller Institute for Medical Resear 


There is at present considerable interest in the nat 
of the interaction between adenosine triphosphate (AT 
and actomyosin (Weber’s myosin). This interest ong 
nates in experiments which Engelhardt, et al. (5) 1 
formed on actomyosin threads manufactured by squirti 
a thin stream of concentrated protein solution into wata 
These investigators found that ATP induces an inere 
in tensile strength of actomyosin threads made in tl 
manner. Subsequently, Szent-Gyérgyi and his collabo 
tors (8) have reported that threads of actomyosin wiit 
are floating freely in water ‘‘contract’’ upon treatm 
with ATP. Furthermore, Buchthal (2) has emphasia 
the possible importance of the ATP-actomyosin inte 
tion in the living muscle cell. He maintains that 4 
ean produce a contraction in a single muscle fiber. 1 
contraction is associated with an action potential anl 
accompanied by a reversible decrease in birefringent! 
the fiber. Indeed, Buchthal (1) has stated that! 
‘¢breakdown of ATP is the reaction nearest in time! 
the physical process of contraction.’’ 

Unfortunately, agreement is not general on the wail 
of the effect of ATP on the actomyosin molecule. Tt 
in a study of actomyosin dispersed in KCl solution, 1 
than in the form of threads, Needham and co-workers| 
observed that both ATP and high concentrations of Ai 
bring about a drop in viscosity and flow birefringent 
the protein solution. They concluded that these chatf 
are the result of a coiling up of the actomyosin molec 
Contrariwise, Szent-Gyérgyi considered quite similar . 
to indicate that both ATP and high KCl concentrail 


1 Present address: Department of Psychiatry, Wester} 
serve University, Cleveland, Ohio. 
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+a dissociation of the dispersed actomyosin molecules 
actin and myosin. 
hduction of coiling in actomyosin by ATP is con- 
nt with the notion that the ATP-actomyosin interplay 
fundamental importance in muscular contraction, 
vever, if ATP produces dissociation in actomyosin, it 
ot easy to understand the role that this interaction 
pt play in contraction of the muscle cell. 

» obtain information of possible value for a clearer 
erstanding of the ATP and KCI effect, we have under- 
the light-scattering and electron microscope studies 
ribed here in a preliminary report. 

he actomyosin used in our experiments has been pre- 
od by a method slightly modified from that of Green- 
1 and Edsall (6). The preparation was purified by 
acentrifugation at 28,000 rpm. 

e light-scattering measurements were made with a 
ple apparatus which employs the 546-my line of a mer- 
vapor lamp as light source and a photomultiplier 
» for registering intensities of scattered light. We 
» determined the intensities of light scattered in the 
zontal plane at angles of 45° and 135° with a beam 
ight transmitted through a 1% solution of actomyosin 
5molar KCl and 0.09 molar KH,PO,-K, HPO, buffer 
nH 6.8. In 10 observations on three preparations of 
myosin, an average value of 3.4 was obtained for the 
oof the forward to backward scattering at the angles 
tioned. 
lebye (4) has pointed out that measurements of this 
yield information concerning the size, shape, and 
pvior of macromolecules comparable in size with the 
e length of light. Furthermore, Oster (7) has deter- 


bed the limiting values of the ratio to be expected for 


romolecules which are in the form of spheres, random 
s, or stiff rods. In the light of Oster’s calculations for 
angles used here, the value of 3.4 which we have found 
actomyosin indicates that this protein has a configura- 
intermediate to that of a stiff rod or random coil; 
is, the actomyosin particles in 0.5 molar KCl at 
6.8 are slightly coiled. 
fter addition of ATP in quantity sufficient to make 
final concentration 1% in a solution of actomyosin 
‘ molar KCl and buffer at pH 6.8, it was found that 
ratio had inereased to 4.7. This was observed in 5 
rriments on two preparations of actomyosin. On the 
sof the theory of light scattering (see 7) one should 
ect the ratio to decrease if the actomyosin were dis- 
ated by ATP. However, the increase in ratio we have 
ved is entirely consistent with an increase in coil- 
of the actomyosin. 
0 change in pH of the actomyosin solution after addi- 
of ATP was detectable as measured by glass elec- 
®. Tenfold dilution of the ATP-actomyosin solution 
10.5 molar KCl did not alter the ratio of 4.7, nor was 
Ba change in light transmission of the actomyosin 
hon after addition of ATP. The transmission was 
sured in a Klett-Summerson colorimeter using a blue 
'. The latter finding may be interpreted as indicating 
the change in ratio is not the result of aggregation 
Sagulation of the actomyosin. 
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Addition of KCl to actomyosin solution over a concen- 
tration range of 0.5 to 2 molar KCl failed to alter the 
ratio at the previously stated angles. This result, ob- 
tained in 5 experiments done on two preparations, con- 
stitutes good evidence that the actomyosin does not dis- 
sociate at higher concentrations of KCl. It is, rather, an 
indication that there is no change in the size or shape 
of the protein as a result of increasing the concentration 
of KCl. Thus, the drop in viscosity of actomyosin solu- 
tion observed at high KCl concentrations demands an ex- 
planation different from those previously offered. It is 
conceivable that the decrease in viscosity is related to an 
electroviscous effect and is associated with the adsorption 
of potassium by actomyosin. 

Electron micrographs demonstrate an effect of ATP on 
actomyosin which is consistent with the preceding inter- 
pretation based on light-scattering data. 





Fie. 1 


Samples of untreated actomyosin were prepared by 
placing a drop of 0.01% actomyosin solution in 0.5 molar 
KCl on a ecollodion film supported by a copper screen. 
The sample was allowed to dry and was washed with dis- 
tilled water to remove readily soluble salts. The speci- 
men was then gold shadow-cast by the method of 
Williams and Wyckoff (9) to enhance photographic con- 
trast. Fig. la is a representative picture of such a 
sample taken in an RCA console model electron micro- 
scope. The typical entangled, fibrillar structure of 
actomyosin is illustrated, along with the characteristically 
wide distribution of particle lengths. 
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Similar samples were then prepared from solutions of 
0.01% actomyosin in 0.5 molar KCl to which ATP had 
been added in sufficient quantity to make its final con- 
centration 0.01%. Fig. 1b is a picture of such an ATP- 
treated specimen. As can be seen in the figure, the bulk 
of the elongated fibrils of actomyosin have been changed 
into shortened, thickened irregularly shaped forms. They 
are of different sizes, as is to be expected from the 
distribution of particle size in the untreated 
specimen. 

It was impossible to study the effect of varying KCl 
concentrations on actomyosin in the electron microscope. 
The changes in salt concentration which occur in the 
preparation of the sample make it impossible to know 
with any accuracy the effective KCl concentration. 

Thus, we have obtained evidence from light-scattering 
observations which indicates that actomyosin dispersed in 
KCl solution has the configuration of a slightly coiled 
particle. Increasing the concentration of KCl does not 
affect this configuration. On the other hand, as shown 
by light-seattering data reinforced by electron micro- 


wide 


graphs, ATP increases the degree of Coiling of ,, 
myosin, an effect which is compatible with a fundans 
role in muscular contraction for this nucleotide rn 
interaction. Further studies on both the ATP ana, 
effects are in progress. 
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Modification of the Kardos Shadow 
Experiment for Demonstrations 
of Color Mixing 


C. W. CRANNELL 
Miami University, Oxford, Ohio 


In an experiment first described by Kardos (2), a 
small dise is suspended in the center of a hole in a screen. 
The sereen is illuminated from a strong source, but an 
object is interposed to cast a shadow on the disc, so that 
the edges of the shadow fall within the hole around the 
disc. With this arrangement, and using a light gray 
screen and disc, the latter appears to be black, or very 
dark gray, even though the observer ean see the source of 
illumination and the shadow caster and, seated slightly 
to one side, can observe that the shape of the shadow 
falling on the wall to the rear of the screen is not of the 
same shape as the dise. The illusion is so compelling 
that even continued observations, alternately of the nor- 
mal dise color without the shadow and of the dise in the 
shadow, do not serve in any way to decrease its strength. 
Descriptions of this and similar experiments may also 
be found in Brunswik (1) and Woodworth (3). 

A different, but equally striking effect, can be produced 
by having the room in semidarkness and illuminating the 
dise alone with a brilliant source. In this case the disc 
appears to be a source of light itself, much as the moon 
seems to be. It was while investigating the effects of 
colored light on such a dise that the writer found the 
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Kardos apparatus to be a most excellent device for & 
onstrating color mixing. 

The screen used was of light gray cardboard, 30"! 
and 23” high. From the center a circular hole 
diameter was cut. Within this hole a 4” dise wa 
pended by means of thin black threads, crossed t 
pend the dise steadily and fastened to the rear oft 
and screen with cellulose tape. (In the Kardos ag 
ment, the dise is of the same material as the sereet,! 
for color mixing a white dise may be used if desir 
For illumination, two or more strong, narrow beat 
light and suitable colored filters were used. Witl! 
screen about 4’ from the rear wall and the obser 
seated slightly to one side so that they can see wher 
edges of each light beam strike the wall, it is possill 
examine the results of the mixture on the dis 
being able to see an ‘‘analysis’’ of the colors usd 
the rear wall. 

With this apparatus and good red and green 
it is possible to produce a powerfal, well-saturated yé 
on the dise, quite unlike the dirty yellow usually ack 
with a color wheel or the weak, streaky effect 1 
obtained with lights observed through milk glass. 
blue and yellow filters or three sources—red, greet 
blue, a bright white is easily achieved. Relative b” 
nesses can be regulated by polaroid filters, episcotis 
or distance of source, whichever may be convenient. 

In addition to color mixing, a great variety of 4 
strations of afterimages, simultaneous contrast, ant 
duction of the complementary color in contrast shi! 
may be performed with this apparatus, For ¢xi% 
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. ereen may be flooded with one color, with a shadow 
ster between the dise and this source, while a different 
jor is used to illuminate the dise alone. 

The advantages of this device over others previously 
ed by the writer are numerous. First of all, the stu- 
nts can see everything that is done; there are no con- 
Jed light sources, no elaborate equipment, An equally 
portant feature is the fact that the colors seem to be 
the object viewed and not merely cast upon the wall 







and ji 








fringes of monochromatic light, which often serve to 


C. \duce the vividness of the mixture. It is true that such 
s nges may be removed by observation through a reduc- 
stile? screen, but such a procedure always tends to destroy 
. ¢ » appearance of surface color to a considerable degree. 

further advantage is the speed with which variations 











MIME the demonstrations may be set up; one of the most 
~~ moying things about color wheels is their inefficiency in 
sregard. Should it be desired to move the apparatus 
pm room to room, the screen could easily be given a 
oden frame so that it could be moved about and set on 
ssroom desks. Portability of the light sources would 
pend upon the type available. Finally, this apparatus 
ords a negligible storage problem when not in use. 


ppl. Ph 


References 


BRUNSWIK, E. Experimentelle Psychologie. Vienna: 
Julius Springer, 1935. P. 96. 

Karpos, L. Z. Psychol., Erginzungsb. 23, 1934. 

WoopwortH, R. 8. Baperimental psychology. New York: 
Holt, 1938. Pp. 611-614. 











for i 


FN 
ov 


ole 


ecent Procedures for the Study of Three- 
mensional Shapes of Resting Cells, and 
New Method for the Shape Study 

Cells in Division 
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heans Department of Botany, Columbia University 
With ince detailed studies of three-dimensional shapes of 
obS@Ms in tissues are relatively recent, standardized tech- 
wher @iues have not as yet been adopted. The first investiga- 
ossiblins (2) utilized essentially Born’s wax plate method. 
dise 






this, individual cells were reconstructed from serial 
tions and examined under the compound microscope, 
sections being modeled consecutively in sheets of wax. 
sequently a wax impregnation technique was em- 
ed (5), in which masses of cells were infiltrated with 
ard wax. The wax casts of individual cells were then 
arated, studied under a binocular dissecting micro- 
pe, and modeled face by face. 

: later work cells were analyzed in tissues, without 
loning or separation. In some cases the tissues were 
d, stained either with safranin or Delafield’s hema- 
lin, cleared in xylol, and mounted in mineral oil. 
Y were then studied under the binocular dissecting mi- 
“ope. In another instance (1) living cells were 
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diffused from behind through milk glass. There are . 


stained lightly with neutral red, mounted in water, and 
studied similarly. All of these investigations have dealt 
with relatively large and mature cells. 

Although the binocular dissecting microscope is well 
adapted to three-dimensional cell shape studies, the pos- 
sibility of using it is eliminated in some of the most 
fundamental parts of the plant, such as the apical mer- 
istems, because of insufficient magnification. In the study 
of the three-dimensional shapes of minute cells, two dif- 
ferent techniques have been used. In the first, the 
Duchartre-Lewis method (3, 4), longitudinal and trans- 
verse sections of the tissues were made; from these the 
number of faces, in section, could be determined under the 
compound microscope and the average number of faces 
per cell computed. While this method is helpful in de- 
termining the average number of faces, it has obvious 
limitations: it works best in tissues with the cells regu- 
larly arranged, it does not tell the precise number of faces 
on any individual cell, and it gives no information on the 
kinds of faces (whether they are quadrilateral, pentag- 
onal, ete.). In the other investigation of minute cells 
(6), dealing with the apical meristem, stem tips were 
cleared in lactic acid (8), stained in Delafield’s hema- 
toxylin, and mounted ‘‘in toto’’ in balsam. They were 
then studied under the compound microscope. 

Finally, in investigations now under way, the three- 
dimensional shapes of dividing cells in telophase have 
been analyzed. More specifically, the problem to be solved 
was determination of the original shape of the individual 
cells before division and of the two daughter cells di- 
rectly after division, in order to make comparisons of the 
shape changes involved in the process of mitosis. To ac- 
complish this it was necessary to see clearly the nuclei, 
both resting and dividing, the spindle fibers and cell plate, 
and the original walls of the cells. However, since the 
walls of several superimposed layers of cells had to be 
identifiable, merely by focusing, they could be stained 
only lightly. Furthermore, the dense cytoplasmic con- 
tents of the meristematic cells had to be nearly or quite 
transparent so that the components to be studied would 
not be obscured. To achieve the desired results the prep- 
arations were stained with Feulgen, ruthenium red, and 
orange G. The procedure was as follows: 

Stem tips of Anacharis densa (Elodea) were dissected 
out, killed in Craf fixative, embedded, and sectioned at 
25 uw or thicker. They were then stained with the Feulgen 
technique as outlined by de Tomasi (9), except that they 
were hydrolyzed longer (30 min) in N HCl and stained 
in decolorized fuchsin for 24 hrs. After being rinsed in 
distilled water the slides were put into a strong aqueous 
ruthenium red solution for 30 min, quickly rinsed again 
in distilled water, and run as rapidly as possible into ab- 
solute alcohol. They were then stained for about 1} min 
in orange G in absolute alcohol and clove oil, rinsed in 
clove oil, put into xylol, and mounted in neutral balsam. 

By this procedure the chromatic figures of the dividing 
nuclei were stained deep purple, while the color of the 
resting nuclei was much less intense. The middle lamella 
was darkened with ruthenium red, while the spindle fibers 
and cell plate were stained, to some extent with orange G. 
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The cellulose walls and protoplasm were not deeply col- 
ored, so that the shapes of several superimposed layers 
of cells could be determined effectively. 

The slides were studied under oil immersion with a bin- 
ocular monobjective Zeiss microscope, using Kohler illu- 
mination (7) and green and orange Wratten filters. The 
preparations are beautiful. The data obtained will be 
published elsewhere. 
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An Improved Moist Chamber Slide for 
Use in Micromanipulation 


KENNETH M. RICHTER! 


Department of Histology and Embryology, 
University of Oklahoma School of Medicine 


The moist chamber slide to be described here is essen- 
tially a modification of that described by Chambers and 
Kopaze (1). Although the chamber considered here is 
designed for use with the Chambers micromanipulator, 
its basie construction features may be adapted readily 
to any chamber type according to individual preference 
or need (1). 


The moist chamber slide consists primarily of a sheet 
of plastic (Fig. 1A), '2”x3”x#%” thick, cemented by 
means of Clarite to a standard 1-mm-thick 2” x3” glass 
microscope slide (B). A centered, rectangular-shaped 
notch cut in the front edge of the plastic sheet constitutes 
the moist chamber proper (C). A rounded groove (Figs. 
1D, 2) running the length of each side wall of the moist 


+I would like to extend my thanks to E. F. Hiser, of our 
Medical Art Department, for the preparation of the illus- 
trations. 
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chamber holds a small roll of filter paper (E), Small 
drilled channels (F) extending from each edge of the 
plastic sheet and opening into their respective ZToove, 
in the side walls of the moist chamber (D) algo hola 
small rolls of filter paper. The outside ends of these 
channels are closed by means of small stoppers (@), 
Each lateral channel (F) opens onto the top surface af 
the plastie sheet through a vertical funnel-shaped channel 
(Figs. 1H, 2). A small plastic strip welded on the top 


- surface near the rear end of the moist chamber constitute, 


a coverslip stop (1). 
























































Scale: Lal wae 
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In ordinary use, the chamber is moistened simply by 
the periodic addition of drops of water to the funnel 
shaped channels. The filter paper rolls, by capillarity 
quickly conduct the water directly to the eritical area of 
the moist chamber. If one is studying simple qualitativé 
influences of diverse water-soluble gases on the cells i 
the hanging drop, aqueous solutions of such gases 4 
are introduced into the moist chamber in the same wa 
but the funnel-shaped channels are covered in betweel 
times by small coverslips sealed down with vaseline t 
prevent the diffusion of gas from these points. Thi 
method of keeping the chamber moist has several distin¢ 
advantages over the standard moist chamber slide. | 
precludes the chance disarrangement of the manipulati¢ 
needles when in use. Further, it provides a measurabl 
control of the relative amount of moisture within 
chamber when this is essential. It dispenses with 
interferences so commonly occasioned by filter pape 
strips within the chamber and excess water on its flo 

The detailed measurements necessary for the constr 
tion of this moist chamber slide may be obtained by 4] 
plying the 1” scale to the construction drawings ( i 
2). The various properties of sheet plastic make it 
material of choice and one very easily worked. Its w 
form thickness virtually eliminates the necessary but us 
ally laborious task of leveling the walls of the chambe 
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